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ABSTRACT 
Researcher: Katlin Makina Anglin 
Title: Identifying Criteria to Predict Army Rifle Marksmanship Proficiency 
Institution: Embry-Riddle Aeronautical University 
Degree: Doctor of Philosophy in Human Factors 
Year: 2018  
The United States Army requires each Soldier to develop marksmanship proficiency in an 
effort to achieve combat readiness. Soldiers currently develop marksmanship proficiency 
through Basic Rifle Marksmanship (BRM) training, but significant skill deficiencies are apparent 
at the end of training. These skill deficiencies remain throughout training because instructors 
rarely assess Soldiers objectively before the final qualification, reducing the opportunity for 
instructors to diagnose skill deficiencies until it is too late. Therefore, the goal of the current 
research is to identify individual differences and sensor-based performance measures for 
inclusion in a formative assessment during BRM training. The results of the current study found 
several variables that predicted marksmanship qualification scores. These findings bring research 
one step closer to identifying skill deficiencies and individual needs prior to training. However, 
more research is needed to maximize the understanding and improvement of marksmanship 
performance and, in turn, improve overall combat readiness. 
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INTRODUCTION  
Problem Statement 
The success of the United States Armed Forces lies in the development and maintenance 
of combat-ready Soldiers (Dept. of the Army, 2015). A key component of combat readiness is 
achieving proficiency in rifle marksmanship. As illustrated in Figure 1, marksmanship is defined 
as “the application of the fundamental skills of firing a weapon with precision and accuracy” 
(Dept. of the Army, 2016, p. 3). Proficient riflemen use their marksmanship skills to deliver 
accurate fire under the most complex and ambiguous environments in an effort to eliminate the 
threat.  
Although marksmanship is required to minimize risk of defeat in theater, developing 
proficiency is by no means easy or 
straightforward. Marksmanship is a 
complex skill that depends on underlying 
cognitive, psychomotor, and affective 
mechanisms (Medford, Diaz, Murphy, & 
Goodwin, 2017). Because of this, the 
Army requires each Soldier to attain 
marksmanship proficiency through Basic 
Rifle Marksmanship (BRM) training.  
While the BRM training process is 
well established, the Army has identified a 
need for improving marksmanship training (James & Dyer, 2011). A specific concern is the 
limited assessments during training. Typically, the only time Soldiers are objectively assessed is 
Figure 1. Principles of marksmanship (Dept. of the 
Army, 2016). 
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during the qualification event at the end of training. Therefore, research is required to develop 
formative assessments that can identify skill deficiencies and predict marksmanship proficiency. 
The current study aims to identify those measures that predict the Army BRM qualification 
score.   
Purpose of Current Study 
The current study contributes to the marksmanship literature by extensively reviewing the 
past and present Army marksmanship training, justifying the need for formative assessments 
during skill development, and providing theoretical arguments for the measures to be included in 
the marksmanship assessment. The goal was to empirically identify measures to include in a 
formative assessment during the development of marksmanship skills in the Army BRM 
training. As such, the current study determines and operationalizes measures to better assess 
marksmanship training performance.  
The measures included in the study are based on extant research that has already given 
attention to various predictors associated with marksmanship, such as individual differences and 
performance data (e.g., Chung, Dionne, & Elmore, 2006; Espinosa, Nagashima, Chung, Parks, & 
Baker, 2008; Hagman, 1998; Nagashima et al., 2008; Smith & Hagman, 2003). However, no 
prior research has operationalized marksmanship using the Army’s metric of marksmanship 
proficiency—the highest BRM qualification score. As a result, these studies are limited in their 
ability to apply findings. The current study therefore seeks to identify measures that predict 
Army BRM qualification scores by addressing two specific questions. 
Research Question 1: What individual differences predict the Army BRM qualification score? 
Research Question 2: Which performance measures during training predict the Army BRM 
qualification score? 
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To answer the aforementioned questions, the first three chapters provide a deeper 
understanding of the problem and theoretical arguments for the hypotheses. The first chapter 
reviews the history of marksmanship. The second chapter discusses the current Army approach 
to marksmanship training. The third chapter discusses individual differences and how they relate 
to marksmanship performance. A review of training technology with a focus on marksmanship 
training and how sensor technology may predict marksmanship performance comprises the 
fourth chapter.   
The hypotheses derived from the introduction are that BRM qualification scores can be 
predicted based on individual differences and sensor-based performance collected during 
training. Of the individual differences, (H1) prior experience, (H2) domain knowledge, and (H3) 
self-efficacy are hypothesized to predict BRM qualification scores. Of the sensor-based 
performance, (H4) aim, (H5) steadiness, and (H6) trigger control measures captured during 
training are also hypothesized to predict BRM qualification scores. Following the introduction, 
the method and results are described. The final chapters discuss the main results and their 
implications.  
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CHAPTER 1: MARKSMANSHIP HISTORY 
Decades of military research and development have resulted in improved marksmanship 
capabilities in terms of weapons, ammunition, and training methods. The following section 
discusses the progression of marksmanship capabilities and provides a history of marksmanship 
in the United States (U.S.) military.  
General History 
The evolution of marksmanship began as humans started using weapons to hit a specific 
target. Archeologists identified the spear as one of the first steps toward marksmanship, dating 
circa 400,000 years BCE (Dohrenwend, 2007; Thieme, 1997). The advancement from hand-
thrown spears to projectile weapons occurred as recently as the Late Paleolithic times, 40,000–
45,000 years ago. Projectile arms include weapons such as the spear thrower and the bow and 
arrow (Shea, 2006). These weapons were used for hunting, defense, and entertainment 
throughout history. The use of marksmanship skill was further represented in accolades. For 
example, marksmanship was demonstrated in the Biblical story of David and Goliath and the 
Greek mythology of the Iliad.   
As time progressed, innovations led to the development of firearms. Gunsmiths and the 
production of firearms influenced almost every aspect of colonizing North America. The earliest 
record of firearms in Colonial America was in Virginia during 1619. Virginia required civilians 
to own and carry firearms to public meetings as part of their militia duty for defense from Native 
Americans and later from slave rebellions and foreign enemies. The influence of firearms 
continued throughout the colonial era (Cramer, 2018).  
Those who migrated west carried rifles, shotguns, and pistols. Although it was assumed 
that American frontiersmen were considered proficient with their weapons, this was not typical. 
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Proficiency was lacking, as they were developing familiarity with firearms. For example, reports 
stated that at least one person in each party was accidentally killed due to misuse (Emerson, 
2004). Despite the deaths caused by misuse of firearms, gun ownership prevailed into the 
Constitutional and Early Republic periods (Cramer, 2018). 
 The early 19th century was a particularly important period for marksmanship instruction 
in North America. During the Civil War, Colonel William C. Church and Brigadier General 
George Wingate saw significant marksmanship skill deficiencies with the average Soldier. As a 
result, the National Rifle Association (NRA) was founded in 1871 to provide marksmanship 
instruction. Arthur Corbin Gould also advocated marksmanship training in the Rifle Magazine 
(later named The American Rifleman). These individuals, among others, led the idea that 
American riflemen are moral heroes that display self-discipline and democratic “manhood” 
(Mechling, 2014).  
With encouragement from the Federal Government, the popularity of firearms continued 
to heighten. The post-Civil War mentality and the popularity of hunting increased the demand 
for personal firearms (Cramer, 2018). The demand for firearms also increased as the expansion 
of mass production in the 19th century allowed individuals to buy firearms directly from the 
manufacturers (Carter, 2002).  
In the 20th century, manufacturers began selling firearms to wholesalers, who then sold to 
local dealers. Individuals also bought their firearms through mail-order houses and gun shows. 
Mail-order houses would receive an order and ship firearms directly to the customer. However, 
the Gun Control Act of 1968 ended the mail-order house option by prohibiting interstate sales to 
non-dealers. In contrast, the popularity of gun shows continued to rise, providing a mechanism 
for bypassing federal firearm regulations (i.e., background checks). By the 1970s, half of all 
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American households owned a firearm (Carter, 2002).  
In the 21st century, firearms remain popular, as 265 million firearms are estimated to be 
in the hands of U.S. civilians, and approximately 54.7 million gun-owners are estimated to be in 
the U.S. (Azrael, Hepburn, Hemenway, & Miller, 2017). Target shooting with rifles, pistols, and 
shotguns is one of the most widely practiced participation sports in the world (Swan, 2003). It is 
even one of the most popular Olympic sports, showcasing the technical and physical skills 
required for marksmanship.  
U.S. Military History 
Although marksmanship was used throughout history in recreation and defense, it was 
not until the last quarter of the 19th century when interest sparked for U.S. military 
marksmanship training. Prior to this, the disinterest and lack of good marksmanship training was 
attributed to the associated time and cost. Adding to the constraints, the U.S. Congress also 
limited the budgeting for training marksmanship. As a result, the U.S. Army sought shooters 
with “natural ability” (Emerson, 2004).  
After the Civil War, the Army identified deficiencies in Soldier marksmanship skills. 
This concern established the NRA, which started the American military rifle movement. 
Brigadier General George Wingate took the training established by the NRA to the New York 
National Guard and eventually became a training distributor to the National Guard across the 
country. The U.S. Navy adopted the NRA marksman’s manual written by Wingate, and state 
troops were recruited during the NRA international match shooting (Calahan, 2002; Emerson, 
2004). 
During the same time that the NRA was gaining popularity, target practice was rapidly 
growing in the 1880s. By the 1890s, Soldiers began shooting for practice through sporting trips. 
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For example, an ordinary cavalry troop would get 12 hours off after guard duty, during which 
time they would practice hunting (Calahan, 2002).  
When the U.S. entered World War I (WWI) in 1917, musketry and positional warfare 
were the focus of instruction. Positional warfare is the force either to move an enemy to a 
position or to deny them access to an area for exploitation. During preparation for this type of 
combat, infantry marksmanship training consisted of short (0–500 yards), mid (500–800 yards), 
and long-range (800–1,200 yards) marksmanship (Department of the Army, 1918). Soldiers were 
expected to accurately engage targets as well as gain fire superiority on an advancing enemy. 
The trained skills were useful in positional warfare; however, they did not support the Soldiers’ 
efforts to assault and penetrate enemy lines. Instead of using their muskets to attack the enemies, 
Soldiers used other weapons, such as automatic rifles, shotguns, grenades, and revolvers 
(Ehrhart, 2015).  
From the observations in WWI, General Pershing stated that the Germans could only be 
vanquished by proficient rifle fire. Colonel Alexander J. Macnab therefore instituted a simplified 
version of George Wingate’s training. This simplified system remained the U.S. Army standard 
for rifle training until the 1950s (Calahan, 2002; Emerson, 2004).  
During World War II (WWII), significant developments in small-arms training occurred 
because of changing warfare tactics and firearms. Instead of engaging in positional warfare, 
Soldiers began engaging in maneuver warfare. Maneuver warfare is a force that assaults the 
enemy through surprise, which is produced by either attacking from unexpected locations or with 
rapid operational tempo (Ehrhart, 2015). The military also issued the M1 Garand (Figure 2), a 
semi-automatic firearm, as the primary weapon to support maneuver warfare. A semi-automatic 
firearm requires the shooter to pull the trigger for each shot; however, the firearm automatically 
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reloads by ejecting the used cartridge case and then loading the next cartridge from the magazine 
(Mazan, 2018). Since the draftees in WWII were not trained in precise rifle fire, the semi-
automatics allowed the militaries to rely on suppressive fire rather than training to produce 
marksmanship proficiency. As a result, suppressive fire along with indirect fire from artillery and 
mortars were used to defeat the enemies (Ehrhart, 2015). After WWII, marksmanship training 
became a key interest. The lessons learned during the war highlighted a need for a new 
qualification course that embodied the type of fighting seen in the Pacific and European theaters. 
The lessons learned resulted in the rifle qualification course of 1949, which is thought to have 
been the most realistic and thorough marksmanship qualification course during the 20th century 
in the U.S. Army (Sitwell, 1949). This qualification course encompassed four qualification 
tables: known distance fire, slow fire, engagement fire in common terrain (e.g., foxhole, rubble 
pile, a ditch, a rooftop), and rapid fire. Soldiers shot in these qualification tables from various 
positions and distances (up to 500 yards). Given the difficulty of the qualification, the average 
Soldier was expected to shoot with 50% accuracy (Ehrhart, 2015).  
Training was also established as a tool that not only taught discipline and fighting skills 
to the new recruit but also instilled that the point of combat involves killing other human beings 
(Emerson, 2004). Therefore, military training lost the care for political correctness and began 
stating the Soldier’s purpose is to defeat and the rifle’s purpose is to kill the enemy. As the Army 
states, “…your rifle is no better than the man who shoots it. If you can’t shoot your rifle 
Figure 2. M1 Garand, a semi-automatic rifle that was the standard U.S. service rifle during 
World War II. 
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accurately, you might just as well meet the Axis with your bare fists” (Dept. of the Army, 1998, 
p. 14).  
The Korean War was thought to be an extension of WWII concerning marksmanship. 
Soldiers were still armed with a version of the M1 rifle. Other than the qualification course, 
training during the Korean War also remained the same. A shift in marksmanship training did not 
occur until after the Korean War, which was a result of the Army having to train more with 
fewer resources. Therefore, more Soldiers were trained to a lower standard through the train-fire 
course (Ehrhart, 2015). The train-fire course was characterized by realistic targets that trained 
Soldiers to see what an enemy would look like at various distances. To engage targets at the most 
effective range, the realistic targets were used on the known distance range (McFann, Hammes, 
& Taylor, 1955). This system remains today in marksmanship training. 
Small-arms training shifted once again during the Vietnam War due to the enemy’s 
guerrilla warfare tactics. Guerrilla warfare is characterized by small groups of irregulars (e.g., 
paramilitary personnel, armed civilians, remnants of defeated conventional forces) fighting 
conflicts to defeat the enemy using the element of surprise (e.g., ambushes, raids) (Tse-Tung & 
Griffith, 2005). Given the flexibility and uncertainty of this warfare in Vietnam, heavy demands 
were placed on U.S. rifle strength as well as marksmanship proficiency (Ehrhart, 2015).   
As a result of guerrilla warfare, the issued rifle went through many iterations. In 1959, the 
M14 was issued to replace the M1. However, the M14 was quickly replaced during the Vietnam 
War by the M16, which was much lighter and smaller. It was also more durable in the Vietnam 
jungle humidity. The M16 consisted of smaller, faster projectiles and a greater ammo capacity in 
replace of the long-range calibers (Ehrhart, 2015). Despite the M16 advantages, the original M16 
produced many issues. For example, it was often loaded with the wrong powder, jammed more 
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frequently, and was not a self-cleaning rifle. In effort to fix the M16 problems, the M16A1 was 
issued in 1969 and the rifle's magazine construction was modified (Tucker, 2017).  
 The change in warfare also compelled the Infantry School to alter its traditional small-
arms instruction in 1963. While prior training focused on long-range marksmanship, the 
modified training included “quick fire” techniques designed to support guerrilla tactics. Quick-
fire allowed Soldiers to respond rapidly and accurately to surprise targets that occurred in jungle 
ambushes (Birtle, 2006).  
Despite the efforts to improve marksmanship instruction, Lieutenant Colonel John 
Church noted that many Soldiers performed suppressive fire and shot at a general direction of the 
enemy without actually seeing the target (Church, 1995). Marksmanship performance continued 
declining over several years, where the average Soldier could only hit 55% of stationary targets 
from distances between 50 and 300 meters in 1975 (Zeidner & Drucker, 1988). 
Between WWI and the end of the Vietnam War, the U.S. Army relied and trained on 
suppressive fire, not marksmanship proficiency. The wars in Afghanistan and Iraq brought 
attention to the degradation of the marksmanship fundamentals as a result of suppressive fire 
(Ehrhart, 2015). Given the shift to a more strategic, mobile, and lethal force (Wampler et al., 
2006), the Army required marksmanship proficiency during the wars in Afghanistan and Iraq. To 
achieve marksmanship proficiency, the Initial Entry Training (IET) rifle marksmanship program 
was redesigned to better prepare Soldiers. For example, Drill Sergeants were required to relearn 
techniques and procedures to employ new training strategies effectively. However, these efforts 
revealed that many Drill Sergeants were not able to diagnose marksmanship skill deficiencies, 
which impacted the effectiveness of training to address the Soldier’s problems (James & Dyer, 
2011). 
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CHAPTER 2: CURRENT ARMY MARKSMANSHIP TRAINING 
The advancement of marksmanship throughout history has paved the way to current 
shooting capabilities. However, as evident in U.S. military history, developing marksmanship 
proficiency is not an easy feat. Firing a weapon is a complex process dependent upon factors 
related to the weapon, the environment, and the shooter. External factors include characteristics 
of the weapon and range as well as the weather (Chung, Delacruz, de Vries, Bewley, & Baker, 
2006; Pojman et al., 2009).  
In effort to develop adequate marksmanship skill, each Army Soldier is required to 
complete the Army BRM training with an M16-/M4-series rifle (Figure 3). BRM training lasts 
approximately two weeks and consists of three phases, as depicted in Figure 4. During Phase I, 
Soldiers learn the fundamentals of marksmanship and the positions required for qualification 
through classroom instruction and simulation training. During Phase II, Soldiers learn grouping 
and zeroing procedures and demonstrate these procedures in live-fire exercises on the Known 
Distance (KD) course. Grouping is a type of practice firing that focuses on firing tight shot 
groups and consistently placing those groups in the same location, whereas zeroing allows 
Soldiers to align the sights with the weapon’s barrel. On the KD ranges, Soldiers fire at known 
distances (75 m, 175 m, and 300 m) and make adjustments while experiencing the effects of 
environmental factors.  
Figure 3. M4-series rifle, a compact version of the M16A2 rifle that is extensively 
used by the U.S. military. 
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In Phase III, Soldiers apply what they have learned from previous phases to the field and 
demonstrate their skills with a final qualification event. The qualification event is a record-fire 
that consists of 40 target exposures at ranges between 50 and 300 meters. They are given the 
opportunity to shoot 20 targets in the prone-supported position, 10 in the prone-unsupported 
position, and 10 in the kneeling position. Soldiers are required to shoot in these various positions 
given that each position varies significantly in the accuracy of shot (Brown, McNamara, Choi & 
Mitchell, 2016; Brown, McNamara, & Mitchell, 2017).  
The objective of the qualification event is to assess and verify marksmanship proficiency 
by determining whether qualification standards are met for each Soldier. Soldiers must hit at 
least 23 out of the 40 targets to qualify as “marksman,” 30 to qualify as a “sharpshooter,” and 36 
to qualify as an “expert” (James & Dyer, 2011). If any Soldier fails to hit 23 targets, they do not 
qualify and must take the qualification again. Each Soldier has three attempts to qualify, and the 
Army reports the Soldier’s highest score to identify their level of marksmanship proficiency.  
Current Army Training Limitations 
Given that approximately one out of five Soldiers fail during their first attempt at 
qualifications, finding ways to better assess Soldiers during BRM training would improve the 
Figure 4. Illustration of the BRM training process. 
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identification of skill deficiencies and, in turn, marksmanship skill acquisition. However, there 
are limitations that prevent instructors from diagnosing underperforming Soldiers. One limitation 
is that instructors rarely assess Soldiers objectively before the final qualification, reducing the 
opportunity for instructors to diagnose skill deficiencies until it is too late. If instructors do assess 
Soldiers, their primary method is observation, which limits the ability to identify any granular 
variables associated with performance (Goldberg, Amburn, Brawner, & Westphal, 2014; 
Nagashima, Chung, Espinosa, & Berka, 2009). As a result, instructors usually do not have 
enough data to diagnose the causes of errors (Goldberg et al., 2014; James & Dyer, 2011) 
Another limitation is the cost of ammunition for additional live-fire assessments. 
Although costs per round are low, small-arms training ammunition makes up a significant 
amount of the Army’s annual ammunition procurement budget. For example, in 2010, over $1 
billion was spent to buy training ammunition alone, which excludes the $300 million it took to 
maintain the ranges. Most of the ammunition for BRM training is allocated to the multiple 
attempts in the qualification event, while little is allocated to live-fire activities to develop 
marksmanship proficiency (Crowley, Hallmark, Shanley, & Sollinger, 2014). It seems that 
additional ammunition would alleviate this limitation; however, this is not feasible given the 
Army’s strict training budgets (Crowley et al., 2014; Frank, Helms, & Voor, 2000).  
These limitations can be minimized if instructors can better assess and diagnose Soldier 
weaknesses throughout training without the additional use of ammunition. To assess 
performance, instructors must be able to collect objective, standardized criteria. Research is 
required to identify criteria that can be used in assessments for skill deficiencies in BRM 
training.  
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Assessments 
Methods such as practice or training are used to support individuals while developing 
knowledge and skills (Kraiger, Ford, & Salas, 1993). During these methods, assessments are 
used to comprehensively understand the progression of skill development (Goldstein & Ford, 
2004). Assessments provide feedback on performance, such as strengths, failures, areas for 
improvement, and insights (Baehr, 2005). They are classified based on their approach: 
summative or formative. Summative assessments describe outcome measurements. Formative 
assessments, on the other hand, describe what occurs during skill acquisition and provides 
additional information to understand the progression towards the intended objectives (Baehr, 
2005; Goldstein & Ford, 2002). Currently, the Army extensively uses summative assessments 
while neglecting formative assessments. As a result, instructors have a difficult time identifying 
any deficiencies during BRM training until it is too late. To alleviate the gaps in marksmanship 
training, it is imperative to identify measures that could be incorporated into formative 
assessments.  
Performance measurements are used in assessments to support skill development by 
diagnosing the causes of effective and ineffective performance (McDavid, Huse, & Hawthorn, 
2013). To provide insight into individual skill deficiencies, performance measurements must 
compare the observed behavior to a criterion or standard level of performance. This ability 
establishes the measure’s validity to capture knowledge and skills in relation to performance as 
well as determine its diagnostic capabilities (Oser, Cannon-Bowers, Salas, & Dwyer, 1999; 
Vincenzi, Wise, Mouloua, & Hancock, 2008).  
Generally, effective performance measurements reflect a relationship with underlying 
psychological constructs associated with the objective or the desired behavior (Muchinsky, 
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2006). Underlying psychological constructs may include general mental ability, 
conscientiousness, psychomotor ability, and perceptual speed. They have also been categorized 
within the domain constructs of cognitive, knowledge, personality, values/needs/interests, and 
physical abilities (Ployhart, 2012). These psychological constructs are identified as individual 
differences. Desired behavior, on the other hand, is based on behavioral sampling that take the 
form of situational or job-based behaviors (Arthur & Villado, 2008). 
Currently, the Army limits their performance measures to the BRM qualification score, 
which lacks insight into skill deficiencies. Therefore, the goal of the current research is to 
identify individual differences and measures of behavior for inclusion in a formative assessment 
during marksmanship training. Specifically, the current study questions include:  
1. What individual differences predict the Army BRM qualification score?  
2. What performance measures during training predict the Army BRM   
qualification score? 
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CHAPTER 3: INDIVIDUAL DIFFERENCE MEASURES 
As each Soldier undergoes training, individual differences are often overlooked. Yet, 
literature suggests that these differences can influence training outcomes (e.g., Ackerman, 1996; 
Grossman & Salas, 2011; Gully & Chen, 2010) and overall marksmanship performance (Chung 
et al., 2011). Therefore, the current chapter investigates the following question: What individual 
differences predict marksmanship qualification scores?  
Before introducing the hypothesized predictors of the current research, it is pertinent to 
note the underlying theoretical framework of learning a skill. The adapted version of Bloom’s 
(1956) taxonomy of educational objectives (Simpson, 1972) breaks learning down into three skill 
domains: psychomotor, cognitive, and affective components. Each trainee has a set of structural 
and functional characteristics related to the three domains, and the morphology of these 
characteristics may shape the way individuals approach a task (Davids, Bennett, & Newell, 
2006). Prior research has explored marksmanship within each domain and highlighted several 
cognitive, affective, and psychomotor factors believed to underlie skilled shooting performance 
(Chung et al., 2006; Clavarelli, Platte, & Powers, 2009). In the present context, the three 
different determinants of individual differences are domain knowledge, prior experience, and 
self-efficacy. The following sections describe the theoretical underpinnings of these variables 
and why they may be predictive in nature. 
Domain Knowledge 
Plato defined knowledge as a “justified true belief” (Rein, 1965). Although this definition 
is frequently used, the underlying mechanisms of knowledge vary throughout literature. For 
example, Plato believed that knowledge solely consists of axioms established by rational 
reasoning (Rein, 1965). Russell (2013) further stated that knowledge is separate from perception, 
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since perception creates opinion. Nonaka and Takeuchi (1995), on the other hand, considered 
knowledge to be rooted in the sensory system. Similarly, Henriques (2016) defined knowledge as 
an understanding of various objects, events, ideas, or ways of doing things; which indirectly 
established perception as part of knowledge.  
Despite the inconclusive aspects of knowledge, such as the role of perception, there 
remains a consensus that knowledge is a critical aspect in the cognition domain (Anderson et al., 
2001; Bloom, Engelhart, Furst, Hill, & Krathwohl, 1956; Krathwohl, 2002). Bloom’s (1956) 
educational taxonomy established the cognitive domain to include three categories of 
knowledge: knowledge of specifics, knowledge of methods to handle the specifics, and 
knowledge of universals and abstractions in a given field. Individuals with knowledge of 
specifics know terminology and facts of a given topic. Those with knowledge of methods to 
handle the specifics know conventions, trends, sequences, classifications, categories, criteria, and 
methodology of the topic. Finally, individuals with knowledge of universals and abstractions 
know the principles and generalizations as well as theories and structures in the given field 
(Anderson et al., 2001; Bloom, 1956; Krathwohl, 2002). To utilize these categories of knowledge 
and meet educational objectives, Bloom (1956) stated that only recognition or recall of 
information is required. 
Anderson and colleagues (2001) later revised Bloom’s taxonomy and included four 
categories instead of three. The four categories of knowledge are factual, conceptual, procedural, 
and metacognitive. Similar to Bloom’s “knowledge of specifics” category, factual knowledge is 
the terminology and facts required to solve problems in a given discipline. Conceptual 
knowledge provides an understanding of the interrelationships within a larger structure and 
consists of classifications, categories, principles, generalizations, theories, models, and structures 
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(Anderson et al., 2001). This is often referred to in the literature as declarative knowledge (e.g., 
Anderson et al., 2004; Anderson, Qin, Jung, & Carter, 2007). Procedural knowledge is achieved 
by knowing how to do something, the methods of inquiry, and the criteria for specific skills and 
techniques. It involves using existing known facts to form productions. Lastly, metacognitive 
knowledge is the awareness and understanding of cognition. It encompasses strategic knowledge, 
knowledge about cognitive tasks, and self-knowledge (Anderson et al., 2001; Krathwohl, 2002) 
Anderson’s (1982, 1983) adaptive character of thought (ACT) theory further dives into 
the role of knowledge as one learns. During the early stages of learning a skill, individuals rely 
on declarative knowledge. Knowledge compilation occurs through practice and rehearsal, turning 
declarative knowledge into procedural knowledge. Procedural knowledge forms productions, and 
each production has a set of conditions and actions based on declarative knowledge (Anderson, 
1982, 1983; Anderson & Spellman, 1995). Anderson later revised this theory (ACT-R) 
(Anderson et al., 2004; Anderson et al., 2007) by stating that complex cognition arises from an 
interaction of procedural and declarative knowledge.  
According to Anderson (1982, 1983, 2004), individuals specifically rely on declarative 
knowledge during the initial stages of skill acquisition. Declarative knowledge, otherwise known 
as domain knowledge, encompasses knowledge of subject-specific skills, techniques, and 
methods. It also requires one to know when to use those procedures (Krathwohl, 2002). As such, 
domain knowledge provides the ability to construct situation models and pull relevant 
information to apply to a specific task (Patel & Groen, 1991). It also supports “forward” 
reasoning. Forward reasoning is a problem-solving method in which an individual uses the 
information provided to come to an unknown outcome (Hunt, 1989; Patel & Groen, 1991).  
Research has further supported the relationship between domain knowledge and 
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performance. For example, Hambrick and Engle (2002) found a strong facilitative effect of 
domain knowledge on memory performance, particularly for information directly relevant to a 
task. A study conducted by Palumbo, Miller, Shaline, and Steele-Johnson (2005) also found that 
cognitive ability accounted for only 12% of the variance in a computer-generated truck 
dispatching task, whereas domain knowledge accounted for 26% of the variance. 
The significance of domain knowledge is also seen in marksmanship performance. 
Thompson Smith, Morey, and Osborne (1980) found that entry-level Army trainees’ record-fire 
correlated with knowledge of zeroing (r = .5, n = 144) as well as knowledge of distance effect 
and appropriate sight adjustment (r = .31; n = 144). Chung and colleagues (2004) similarly found 
a correlation between sustainment-level enlisted Marines’ marksmanship performance and 
knowledge of rifle marksmanship (r = .29, n = 156), shot group errors (r = .27, n = 154), and 
shooter positions (r = .20, n = 156). The researchers argued that expert shooters understand the 
fundamentals of rifle marksmanship more than the novice or average shooters, thus, improving 
their shooting abilities by utilizing this knowledge. Experts see the relationships between the 
fundamentals as well as the associated effects, how to recognize problems associated with the 
fundamentals, and how to fix those problems (Baker, 2003). 
Prior research found a significant relationship between domain knowledge and 
performance, which led the current research to identify whether domain knowledge at the 
beginning of training predicts performance. An effective way of collecting knowledge data at the 
beginning stages of training is through written or oral exams (Chung et al., 2006; Ciavarelli, 
Platte, & Powers, 2009; Kraiger et al., 1993). In a study by Ciavarelli (2010), written tests were 
used to assess knowledge of firing accuracy (gun sight, calibration, aiming, and recoil), the 
fundamentals (e.g., breath control), and bullet trajectory. Therefore, the current study used a 
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knowledge test that Army instructors have used to determine the Soldier’s level of domain 
knowledge. 
H1: Domain knowledge predicts qualification score. 
Prior Experience 
Although the goal of training is to support the phases involved in skill development, 
some individuals may have encountered informal or incidental learning experiences prior to 
training. Marsick and colleagues (1999) defined informal learning as “learning that is 
predominantly experiential and non-institutional” (p. 88). Similarly, Eraut (2004) defined 
informal learning as an “implicit, unintended, opportunistic and unstructured learning and the 
absence of a teacher” (p. 250). Although informal learning may be intentional, incidental 
learning is strictly “unintentional, a by-product of another activity” (Marsick et al., 1999, p. 88). 
Unlike formal learning, informal and incidental learning do not involve objectives or traditional 
curricula. While formal education takes place in training or classroom instruction, informal 
education and incidental learning may occur in situations such a reading books, listening to the 
television or radio, or participating in activities. Therefore, informal and incidental learning are a 
product of experience. 
Experience is considered an “accumulated learning from a series of episodes” (Eraut, 
2004, p. 251). According to Klein’s recognition-primed decision (RPD) model (1989, 2008), 
individuals use their prior experience in current situations by identifying perceptual cues and 
indicators to recognize patterns. The individuals choose a single course of action based on these 
patterns and the desired outcome. As a result, prior experience provides individuals with the 
ability to recognize the situation quickly and perform the required actions. 
Newell and Rosenbloom (1981) suggested that experience in the form of practice 
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increases the speed of performance. The increased speed of performance is attributed to the 
chunking of cognitive processes. Relevant experiences also influence skill development by 
providing a process to attempt, dispense, and alter associations. This process demonstrates 
whether specific routines are accurate and parsimonious. Practice also promotes rapidly 
activating task routines (Finkbeiner, Forster, Nicol, & Nakamura, 2004) and supports the 
demands on working memory (Chung & Byrne, 2008). Past actions in analogous situations 
therefore generate specific patterns and knowledge that indicate how to react and, in turn, 
promote the development of highly specialized routines (Simon & Chase, 1973). 
Research supports the claim that prior experience in a domain increases the rate of 
automaticity and performance (e.g., Ericsson, 2006; Fitts & Posner, 1967; Grossklags, & Reitter, 
2014; Simon & Chase, 1973; Thorndike, 1898; Thurstone, 1919). There is evidence that 
specifically establishes a relationship between shooting experience and record-fire performance 
(Chung et al., 2011). For example, a study conducted by MacCaslin and McGuigan (1956) found 
that self-reported shooting experience, along with aptitude scores, significantly contributed to 
predicting record-fire score (r = .67–.72, p < .01). In addition, Tierney, Cartner, and Thompson 
(1979) found that self-reported rifle-fire experience (r = .24, p < .05; r = .19, p < .05) and 
hunting experience (r = .21, p < .05) positively correlated with record-fire scores. Thompson et 
al. (1980) also found a positive relationship between self-reported experience with a .22 caliber 
rifle and record-fire scores (r = .21–.25). The relationship between marksmanship performance 
and prior marksmanship experience (e.g., hunting and familiarity with firearms) is postulated to 
occur because the informal practice exposes individuals to the fundamental concepts of 
marksmanship. 
Although previous research has found a positive relationship between prior experience 
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and marksmanship performance, Lipinski, James, and Wampler (2014) found conflicting 
evidence in which shooting experience outside of the military context did not significantly 
predict record-fire performance. However, the conflicting evidence may be the result of their 
measure for shooting experience. The researchers suggested that the question was too broad and 
did not effectively differentiate those with extremely limited and extensive experience. In effort 
to improve Lipinski and colleagues (2014) prior experience measure, the current study 
operationalizes prior experience as hunting large and small animals as well as familiarity with 
handguns.  
H2: Prior experience predicts qualification score. 
Self-Efficacy 
 In the performance context, motivation is an intervening construct of performance that is 
shaped by many additional constructs (Davies, Matthews, Stammers, & Westerman, 2013; 
Linnenbrink & Pintrich, 2002). Motivation influences the initiation, direction, magnitude, 
perseverance, continuation, and quality of goal-directed behavior (Dweck & Elliot, 1983; Maehr 
& Meyer, 1997; Maehr & Zusho, 2009). As a result, those with motivation put greater effort into 
the development of a skill than those who are not motivated. Motivation also increases when an 
individual believes that a goal is attainable (Davies et al., 2013; Scherbaum & Vancouver, 2010). 
One of the most important motivational beliefs for achievement is self-efficacy (Davies et al., 
2013; Linnenbrink & Pintrich, 2002).  
The definition of perceived self-efficacy is the belief in one’s capabilities to perform a 
specific action required to attain a desired outcome (Bandura, 1997). Although general self-
efficacy (GSE) reflects a generalization across various domains, self-efficacy beliefs are 
multidimensional and vary based on domain or task. For example, a swimmer that has never 
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played basketball is more likely to have higher self-efficacy in their butterfly stroke and lower 
self-efficacy when they are shooting a basket. Therefore, self-efficacy is considered situational 
and contextual, not a general belief about self-concept or self-esteem (Bandura, 1977, 2012; 
Bandura & Locke, 2003). 
According to the social cognitive theory (SCT; Bandura, 1997), the relationship between 
self-efficacy and performance occurs because self-efficacy regulates learning. SCT was derived 
from the self-efficacy theory, which states that self-efficacy enhances performance by increasing 
the difficulty of self-set goals. These adapting, self-set goals then increase the individual’s level 
of effort and persistence (Bandura, 1977, 2012; Bandura & Locke, 2003).  
Individuals set their goals by assessing their range of capabilities, which guides and 
influences their subsequent behavior (Bandura & Locke, 2003). As perceived cognitive self-
efficacy raises cognitive effort, memory performance increases (Bandura, 1986, 1993, 2014). 
Individuals with high self-efficacy are likely to exert enough effort to produce successful 
outcomes, whereas those with low self-efficacy are likely to stop their efforts once they feel 
incompetent and fail on the task. Gist (1986) postulated that although trainees may gain desired 
skills, low self-efficacy might prevent the trainees from applying what they have learned. 
Therefore, individuals’ self-efficacy tends to influence effort, performance, or exposure to new 
situations (Bandura, 2014; Bandura, & Locke, 2003). 
Research has further supported the relationship between self-efficacy and performance. 
Stajkovic and Luthans (1998) reviewed 114 studies in their meta-analysis and found a significant 
correlation between work performance and self-efficacy (G(r±) = .38). Cherian and Jacob (2013) 
more recently analyzed research and observed that self-efficacy influences work performance by 
motivating a variety of employee-related aspects and organizational pursuits. There is also 
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evidence of a relationship between self-efficacy and marksmanship. For example, Chung et al. 
(2004) found that marksmanship performance is correlated with perceived level of rifle 
marksmanship skill (r = .26) and perceived level of rifle marksmanship knowledge (r = .39–.41).  
Given the relationship between marksmanship performance and self-efficacy, it is 
essential to capture self-efficacy during skill development. Research has found self-efficacy to 
remain somewhat consistent over time (Gist et al., 1991; Mathieu, Martineau, & Tannenbaum, 
1993; Tannenbaum, Mathieu, Salas, & Cannon-Bowers, 1991), suggesting that initial self-
efficacy provides insight into future self-efficacy and training outcomes. Therefore, capturing 
information about self-efficacy at the beginning of training may provide a better understanding 
about performance and support the modification of training to meet individual needs (Cosenzo, 
Fatkin, & Patton, 2007). However, before modifying training, research is required to identify 
whether initial self-efficacy predicts marksmanship performance in the military context. The 
current study operationalizes self-efficacy as the perceived level of marksmanship knowledge 
and skill. 
H3: Self-efficacy predicts qualification score.  
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CHAPTER 4: TRAINING TECHNOLOGY  
The current chapter seeks to investigate the following question: What performance 
measures during training predict the marksmanship qualification score? Before introducing the 
remaining hypothesized predictors of the current study, the following sections discuss the use of 
technology to provide training and performance measurement.  
Technology is useful in training because it provides a high-fidelity environment that 
reduces risk and cost while increasing access. Research further suggests that training technology 
provides an effective means to improve skills (e.g., Hagman, 1998; Krebs, McCarley, & Bryant, 
1999; McAnulty, 1992; Nagashima et al., 2009; Ranes, Lawson, King, & Dailey, 2014). Training 
technology also offers the advantage of collecting performance data consistently, discreetly, and 
at a very granular level (Goldberg et al., 2014; Nagashima et al., 2009; Stephens et al., 2013). 
Granularity is specifically important for assessing performance given that many marksmanship 
errors are difficult to detect during observation (Goldberg et al., 2014). Furthermore, technology 
provides the capability to enhance the frequent and objective measurement of marksmanship 
performance, allowing instructors to understand the cause of any performance decrements 
throughout training. Technology used to support training and assessment includes simulations 
and sensors.  
Simulation Technologies 
Simulation technologies offer the ability to practice procedures, alter schedules of 
practice, introduce feedback, manipulate environmental distractions, and document results 
(Beaubien & Baker, 2004; Pettitt, Norfleet, & Descheneauz, 2009). A meta-analysis conducted 
by Cook and colleagues (2012) further demonstrated that simulation technologies are associated 
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with higher satisfaction, knowledge, process skills, and product skills compared with other 
instructional modalities. 
Prior to the current technological advancements, the military would use other methods to 
support skill acquisition. For example, Soldiers would joust to prepare in horsemanship and 
accuracy (Bradley, 2006) as well as develop strategical thinking through chess (Bradley, 2006) 
and sand tables (Aebersold, 2016). The military also used paperboard wargames that integrated 
defense strategies and mathematics for determining attrition and movement. 
 With the advent and proliferation of computing systems, calculators were used to better 
analyze outcomes of training in real-time (Smith, 2010) and allowed for scenarios that were 
more complex (Hill & Miller, 2017). The computer continued to expand and support skill 
acquisition. Computer graphics provided a visual display of combat environments with planning 
objects capable of moving. As computational technology evolved, so did analytic capabilities. 
Training began using new engineering and technologically driven scenarios, which laid the 
foundation for live, virtual, and constructive simulations (Hill & Miller, 2017).  
The use of simulation is now widespread in many fields, such as aviation and healthcare. 
For example, aviation training uses simulation technologies to practice scenarios and collect 
performance data that would be impossible in a real aircraft. They increase flight safety, reduce 
training costs, and perform emergency practices. Simulation technologies also support practice 
without depending on specific conditions, such as weather or operating status of the aircraft 
(Foyle et al., 2005). Similarly, the healthcare field uses simulation technologies, which include 
personal computer (PC)-based training systems, task specific trainers, full-body mannequin 
training systems, and surgical simulations (Pettitt et al., 2009). Simulation technologies allow the 
practice of clinical procedures and the collection of performance data that would not be safe or 
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possible with patients (Bradley & Postlethwaite, 2003). Such technologies not only avoid risk to 
patients and learners, but they also address skill deficiencies (Issenberg et al., 1999). 
Current simulation use does not stop in the aviation and healthcare fields. The U.S. Army 
continues to use simulation technologies extensively to support Soldier training and collect 
performance data (Goldman, 2013). Since the 1980s, simulations have been used to support U.S. 
Army rifle marksmanship (e.g., Chung et al., 2006; Goldman, 2013; Marcus & Hughes, 1979; 
Morrison & Hammon, 2000). These 
technologies include the Weaponeer, the 
Multipurpose Arcade Combat Simulator 
(MACS), the Laser Marksmanship Training 
System (LMTS), and the Engagement Skill 
Trainer (EST) 2000. 
The two foundational marksmanship 
technologies are the Weaponeer and MACS. 
The Weaponeer, depicted in Figure 5, is the 
first rifle marksmanship simulator to be used in 
the Army Research Institute (ARI). Although it 
provided noise and recoil as well as replayed 
the last three seconds of barrel movement 
before the shot, it only allowed nine simulated 
shots. Additionally, the limited number of 
Weaponeer simulators made it impractical for widespread use. ARI then began developing the 
MACS in 1982, which is depicted in Figure 6. MACS used the newly developed microcomputers 
Figure 5. The Weaponeer 
Figure 6. MACS 
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to integrate a light pen that could read a video monitor up to 20 feet away. As a result, the 
developers realized that they could design less expensive simulators for numerous weapons and 
laid the foundation for future development (Evans, 2000). 
A more recently developed rifle marksmanship technology is the LMTS, which is a laser-
emitting device that enables Army-issued weapons to engage with targets without using live 
ammunition (Smith & Hagman, 2000). It allows Soldiers to shoot laser-sensitive targets with a 
laser transmitter attached to their rifles. The LMTS then sends data to a laptop and shows where 
an actual shot would have hit a target at various ranges (Crowley et al., 2014; Evans, 2000; 
Smith & Hagman, 2000). This data generates real-time, quantitative feedback on the 
fundamental skills of marksmanship, including steady position, sight alignment and picture, 
breath control, and trigger squeeze (Crowley et al., 2014).  
Currently, the leading 
technology used during BRM 
training is the EST 2000 (Figure 
7). The EST 2000 was developed 
to expose Soldiers to the 
interacting components of 
marksmanship and support all 
aspects of instruction (Goldberg et 
al., 2014). This simulator uses analog and digital video, image projection, laser hit detection, and 
microcomputer technology to display target arrangements and courses of fire. The EST measures 
performance by recording the number of hits and misses, shot radius, reaction time, and aim 
trace.  
Figure 7. EST 2000 
 29 
These marksmanship simulators have not only been used in training but are also used in 
research to attain insight into marksmanship performance. For example, Smith and Hagman 
(2003) conducted research to identify the effectiveness of training Soldiers in the LMTS, in 
which 184 infantry Soldiers used the LMTS for training purposes while 202 infantry Soldiers 
remained in the control group and performed the current training exercises. Although 
ammunition use was significantly lower in the LMTS condition, the qualification scores were not 
significant between the two conditions.  
Ranes and colleagues (2014) also used the EST 2000 to evaluate potential patterns in 
shots among shooters with varying levels of marksmanship ability. Forty-two shooters completed 
the standard qualification task on the EST 2000 simulator. All data were archival in nature and 
extracted from a previous study. Marksmanship task data included subject number, target 
number, distance, and shot variables. Shooters had up to 40 rounds to hit 40 targets. The findings 
demonstrated significant differences between skilled shooters and less-skilled shooters in the 
number of accurate shots made during the shooting task, shot reaction time, number of accurate 
shots per second, and shot distance from target center.  
Along with facilitating research, simulation technologies provide many other benefits. 
For example, they decrease the need for management and transportation of resources as well as 
eliminate the demand for ranges or ammunition (Crowley et al., 2014). However, the most 
important aspect of integrating technology into the development of marksmanship proficiency is 
the ability to provide performance assessments that are more detailed and, in turn, automated 
diagnostics.  
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Sensor Technology 
Research suggests that sensors are another effective technology used to collect 
marksmanship performance data (e.g., Chung, Dionne, Elmore, 2006; Espinosa et al., 2008; 
Nagashima et al., 2009). Nagashima and colleagues (2008) used sensors to examine the skill 
level of shooters and develop a classification model. Thirty novices and nine experts completed 
10 dry-fire shots in the kneeling position. The sensors collected three measures for breath control 
(breath location, breath duration, shot-percent breath) and one measure for trigger control 
(trigger duration). A logistic regression model was generated with the data using holdout 
validation. The model was able to differentiate between novices and experts with overall percent 
correct in shot classification at 90.0% with a sensitivity of 67.5% and 96.0% specificity.   
Nagashima et al. (2009) also conducted a validation study for the classification model in 
which nine novices and seven experts completed 10 dry-fire shots over two trials. The model was 
able to differentiate between novices and experts with overall percent correct in shot 
classification at 75.6% with a sensitivity of 54.3% and 92.0% specificity. The accuracy in 
classification by identifying all shots as novice was 56.3%, whereas the accuracy in classification 
for expert was 92%.   
Berka and colleagues (2008) aimed to identify the level of marksmanship skill using 
sensor technology. Their objective was to characterize the neuro- and psycho-physiological 
metrics capable of distinguishing expert shooters from novices. Three experts and five novices 
completed 10 shots at simulated distances of 200 and 300 meters in the kneeling position. An 
instrumented rifle simulator with attached sensors was used to record the movement of the 
muzzle, trigger pressure, and trigger break. Shot group precisions were synchronized with 
sensors that collected neurocognitive states, physiological states, and gross and fine motor 
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movements. The results found experts to have higher precision and were more consistent in their 
shot groups than novices. 
Goldberg et al. (2014) also conducted a study using sensors to build models of expert 
performance. The study used eight U.S. Army expert shooters to create an expert marksmanship 
model. To collect data, the researchers used the SCATT marksmanship training software, an 
airsoft M4 carbine rifle that produces realistic recoil, a pressure sensitive trigger, a Weapon 
Orientation Module (WOM), and a Zephyr bio-harness. The dependent measures were trigger 
pressure, cant/angle of the weapon’s orientation, and breath control. Leave-one-out cross-fold 
validation was used to validate whether the models can be generalized to describe marksmanship 
expertise. The results demonstrated that performance could be used to judge the overall skill 
level of a shooter.  
These previous efforts have demonstrated that it is possible to assess shooter performance 
using sensor data. However, the current study seeks to address the main limitation in previous 
efforts, which is that data collected with technology were not compared against the Army 
standards of marksmanship proficiency (i.e., qualification scores). As a result, prior research is 
limited in applying their results in formative assessments during the BRM training process. 
Research must therefore explore and identify variables captured by technology that predict Army 
standards of marksmanship proficiency.  
Sensor-Based Measures of Marksmanship Performance 
 The primary measures captured by sensors in this study reflect three of the fundamental 
skills for Soldier marksmanship: aim, steady position, and trigger control (Dept. of the Army, 
2008; Evans, 2000).  
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Aim. Aim is defined as the ability to make accurate movements directed at small targets 
(Fleishman, 1967). The measure of aim is 
accuracy (Figure 8), which is the shot’s 
distance from the center of mass (Johnson, 
2001). Although it may seem intuitive that 
marksmanship requires knowing how to align 
the weapon with the target, the mechanisms 
behind aiming are much more complex. The 
complexity occurs due to the misconception 
that the bullet has lifting abilities and the 
trajectory is naturally arced. Rather, a slight cant in the bore of the firearm creates an arced 
trajectory for the bullet to travel, which alleviates the effect of gravity that naturally pulls the 
bullet towards the ground (James & Dyer, 2011). Aim is also affected as the bullet travels further 
because the bullet’s velocity decreases due to air resistance (i.e., drag). Air resistance gives 
gravity more time to affect trajectory, slowing down the bullet (Hendrick, Paradis, & Hornick, 
2008).   
To accommodate the factors that influence the bullet, shooters must align the weapon 
with the target and adjust the sight with the trajectory. A proper firing position is required to 
align the weapon with the target and consists of placing the eye close to, and precisely behind, 
the rear peep sight. The shooter must also place the center tip of the front sight post in the center 
of the rear aperture to achieve a correct sight alignment (Dept. of the Army, 2016; James & 
Dyer, 2011). Proper sight alignment provides the ability to aim the weapon correctly at the 
Figure 8. Measure of accuracy. 
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target, whereas inadequate sight alignment results in a long vertical or horizontal shot group 
(James & Dyer, 2011).  
As soon as the shooter correctly aligns his or her sights, they can acquire a sight picture. 
Sight pictures consist of positioning the tip of the front sight post on the target while sustaining 
sight alignment. A correct sight picture involves the alignment of the target, front sight post, and 
rear sight (Dept. of the Army, 2016; Figure 9).  
If the sight picture is misaligned by a fraction of an inch, then the shooter will usually 
miss the target (Chung et al., 2006). If the shots are centered on the aiming point and “tight,” 
then the shot group is both highly accurate and precise (Johnson, 2001). A common mistake that 
shooters make is focusing on the target rather than on the front sight, which is the key indicator 
of where the bullet is going. Furthermore, as distance to the target increases, so does the 
tendency of wanting to look at the target and where the bullet impacts (Hendrick et al., 2008). 
This results in insufficient aim, affecting the trajectory in which the bullet travels.  
Given the importance of aim in relation to marksmanship, measuring aim during training 
provides insight into the performance of each Soldier. Without understanding the relationship of 
aim and its impact on future performance, instructors are more likely to disregard this 
fundamental as long as the shot quality is “good enough.” Therefore, the current study 
Figure 9. Example of correct sight alignment and picture (James & Dyer, 2011). 
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hypothesizes that aim scores collected by sensors during training will predict qualification score. 
This predictive ability would then provide insight into marksmanship proficiency that is likely to 
occur at the end of training.  
H4: A sensor-based measure of aim collected during training predicts qualification 
score. 
Steady position. Similar to aim, steady position is also a fundamental marksmanship 
skill. A steady position controls any rifle movement that would result in a fluctuation of the aim 
point. The measure of steadiness is identified as the vertical and horizontal dispersion of aim 
trace (Johnson, 2001). This fundamental skill is a requirement to master marksmanship and 
move to live-fire because any movement the shooter makes in their position results in the 
crosshair following these changes (Dept. of the Army, 2016; James & Dyer, 2011). 
To maintain a steady position, shooters must have proper bone and artificial support, 
muscle relaxation, and natural point of aim. Bone support occurs when shooters use their skeletal 
frame rather than their muscles when firing, and artificial support occurs when shooters use 
external props as a stabilizer (e.g., sling, sandbag). Muscle relaxation is supported when the 
shooter has proper bone or artificial support, reducing the amount of wobble area and movement. 
Once the shooter executes proper bone/artificial support and muscle relaxation, they will 
establish a natural point of aim (Dept. of the Army, TC3-22.9, 2016). 
When shooters do not have a steady position, they have difficulty remaining stable 
against gravity while aiming. This is typically due to inherent shaking in the upper limbs (Elble, 
2005; Morrison & Newell, 2000). Inherent shaking is a result of insufficient bone support and 
muscle relaxation (Dept. of the Army, TC3-22.9, 2016). These movements cause poor control, 
generating a larger amount and higher speed of centripetal force movement during aiming (Era, 
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Konttinen, Mehto, Saarela, & Lyytinen, 1996). The net result is that shooters in an unsteady 
position lose control of the shot.  
Empirical evidence further supports the importance of steadiness by finding that 
instability contributes to reduced shooting accuracy (Ball, Best, & Wrigley, 2003; Mononen, 
Konttinen Viitasalo, & Era, 2007; Tang, Zhang, Huang, Young, & Hwang, 2008). For example, 
Chung and colleagues (2006) noted that skilled shooters hold a rifle steadier than unskilled 
shooters, which positively correlates with shooting performance (Humphreys, Buxton, & Taylor, 
1936; McGuigan & MacCaslin, 1955; Spaeth & Dunham, 1921). The ability to maintain a steady 
body position has also been found to correlate with shooting performance, as expert shooters 
tend to have greater steadiness (e.g., Era et al., 1996).  
Based on the importance of a steady position while shooting, the ability to measure 
steadiness during training may provide insight into future performance. Instructors may use the 
steadiness measure to identify and remediate skill deficiencies before the Soldier gets to the 
qualification event. However, before establishing remediation strategies, research must first 
identify whether steadiness during BRM training affects performance at the end of training. 
Therefore, the current study hypothesizes that steadiness scores collected by sensors during 
training will predict qualification score.  
H5: A sensor-based steadiness measure collected during training predicts qualification 
score. 
Trigger control. Along with aim and steadiness, an important ability each shooter should 
have is finger dexterity, which is the ability to make skillful and controlled manipulations of 
small objects involving the fingers (e.g., Fleishman, 1954, 1967). This ability allows the shooter 
to control weapon movement during trigger squeeze, resulting in trigger control. Trigger control 
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is defined as the manipulation of the trigger, allowing the shot to break with minimal movements 
of the sight and firearm (Hendrick et al., 2008).  
Trigger control is essential during marksmanship because any unexpected movement of 
the finger on the trigger will tamper with the position of the weapon and produce a missed shot. 
Control of sight alignment is also lost when a trigger is jerked. Furthermore, the bullet exits too 
fast and does not necessarily hit the intended target if too much pressure is put on the trigger 
(Evans, 2000; Hendrick et al., 2008). Therefore, trigger control influences the precision and 
accuracy of the shot.  
Research has found trigger control differentiates between skilled and unskilled shooters. 
A specific indicator of trigger control that correlates to shooting performance is trigger duration, 
which represents the amount of time pressure is exerted on the trigger prior to a shot being fired 
(Goldberg et al., 2014; Nagashima et al., 2009). According to Goldberg and colleagues (2014), 
experts generally pull the trigger slower for a longer period when kneeling. This is because 
unskilled shooters are more likely to jerk the trigger, causing the weapon to sway laterally. 
Experts, on the other hand, squeeze rather than jerk the trigger (Chung et al., 2011). However, 
Nagashima et al. (2009) found conflicting evidence, stating that the odds of achieving “expert” 
classification decrease with every 1-second increase in trigger duration. While the average 
trigger duration for novices was 5.2 s (SD = 8.9), the average for experts was 1.4 s (SD = 2.3; 
Nagashima et al., 2009). The conflicting evidence may be due to the various methods of 
collecting trigger control. While Goldberg and colleagues (2014) used pressure sensitive sensors, 
Nagashima and colleagues (2009) used sensors that timed trigger pull.  
Since trigger control identified via the duration of trigger pull provides conflicting 
evidence, research must identify a better way to measure trigger control. Therefore, the current 
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study used the measure of trigger control as the distance between the shooter’s aim position .25 
seconds prior to the shot and the final hit position. The deviation of aim at the point of trigger 
pull and the final hit position provides the ability to identify objectively whether the shooter 
jerked the trigger. It is hypothesized that the measure of trigger control described above, 
collected by sensors during training, will predict qualification score. 
H6: A sensor-based trigger control measure collected during training predicts 
qualification score. 
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CHAPTER 5: THE CURRENT STUDY 
Objective 
The current study addresses two specific questions and empirically tests six hypotheses. 
Research Question 1: What individual differences predict Army qualification scores? 
The following hypotheses seek to answer the preceding research question: 
H1: Domain knowledge predicts qualification score. 
H2: Prior experience predicts qualification score.  
H3: Self-efficacy predicts qualification score.  
Research Question 2: What performance measures during training predict the marksmanship 
qualification score? The following hypotheses seek to answer the preceding research question: 
H4: A sensor-based measure of aim predicts qualification score. 
H5: A sensor-based measure of steadiness predicts qualification score.  
H6: A sensor-based measure of trigger control scores predicts qualification score. 
In the current study, measures were administered to Soldiers at a strategic point within 
one week of the rifle-training curriculum. The objective was to predict their qualification score 
based on prior experience, domain knowledge, and self-efficacy as well as sensor-based 
measures of aim, steadiness, and trigger control. A hierarchical regression was used to test the 
hypotheses and identify the predictive power of the variables with regard to Army marksmanship 
qualification scores. The justification for this statistical methodology is that it allowed testing of 
the effects of the predictors independent of the influence of others. Following the hierarchical 
regression, the subsequent exploratory analyses were conducted:  
- Multiple regression to explore the relationships between the sensor-based measures 
and qualification score per shooting position. 
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- Mediation analyses to identify whether prior experience influences the relationship 
between the significant predictor performance measures and highest qualification 
score. 
- Repeated analysis of variance to provide insight into the BRM qualification attempts.  
Method 
Participants. A total of 79 Soldiers participated in the study during their marksmanship 
training at the U.S. Army’s Ft. Benning base as part of the overall Basic Officer Leader Course 
(BOLC). The participants were lieutenants who were receiving their first leadership instruction 
in the Army. These students have already completed basic marksmanship training prior to 
commissioning. Participants ranged in age from 21 to 39 years (M = 24.29, SD = 3.24); 8 
participants (10%) were left-handed and left-eye dominant, 55 (70%) were right-handed and 
right-eye dominant, and 16 (20%) were cross-dominant; 77 participants (97%) were male. 
Concerning experience with a weapon, all participants reported having prior experience with 
guns: among those with prior experience, 14 participants (18%) reported themselves as novices, 
48 (61%) as moderate, 17 (21%) as enthusiasts, and 0 (0%) as expert.  
Facilities. Data collection occurred in classrooms and live-fire ranges at the U.S. Army’s 
Ft. Benning, GA.  
Equipment. Data collection was conducted using FN America’s FN Expert™. The FN 
Expert™ is a commercially available system composed of a rifle-mounted hardware and data 
collection software (see Figure 10). The rifle-mounted hardware collects information about the 
shooter’s aim trace, which is displayed on the data collection software.  
 40 
Illustrated in Figure 
11, The FN Expert™ mounts 
on the rifle and uses an eye-
safe IR LED that reflects off 
the target using reflectors to 
track aim trace and shot 
location. The data are 
collected on a tablet by 
software that displays aim data for each shot (see Figure 12). The FN Expert™ collects data 
about aim location at a sampling rate of 67 Hz as well as the location of the simulated shot point. 
This information is used to generate a visualization of the pre-shot aim trace as well as calculate 
fundamental marksmanship skills, such as aim, hold, and trigger control.   
The FN Expert™ can be 
used indoors in a dry-fire scenario 
with simulated shooting distances 
or outdoors with life-size targets 
and actual shooting distances (up to 
300 m). The FN Expert™ reliably 
collects the equivalent number of 
hits and misses during live-fire 
shooting, and the software detects the hit location as would occur in live-fire (Brown et al., 
2016). Although it can be used with live ammunition, the current research used the FN Expert™ 
during a dry-fire exercise with military-issued rifles. 
Figure 10. FN Expert™ System. 
Figure 11. FN Expert™ deployed. 
 41 
Questionnaires, surveys, psychometric tests, or forms. Researchers administered a 
battery of measures relevant to marksmanship performance to predict qualification score. The 
measures are listed in Table 1 and included in Appendices C and D. 
Demographic and prior experience questionnaire. The demographic questionnaire 
contains questions focusing on personally identifying information (e.g., age) as well as prior 
experience. Prior experience was measured by identifying the extent to which the participants 
participate in hunting large (deer, elk) and small (ducks, rabbits) animals as well as how familiar 
they are with handguns and rifles prior to training. However, familiarity with rifles was removed 
from the analyses to increase Cronbach’s alpha score (α = .71). All other items were retained, 
resulting in three items to measure prior experience. 
Domain knowledge test. Army instructors provided a 25-item test that has been 
previously used to determine the student’s level of domain knowledge (Appendix E). The test 
requires respondents to match descriptive definitions with doctrinal terms and to indicate their 
Figure 12. FN Expert™ Graphic User Interface. 
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understanding of fundamental marksmanship knowledge. For example, participants were asked 
to select the appropriate definition for sight picture and sight alignment.  
Three questions (8, 18, 19) were removed during the analysis to increase Cronbach’s 
alpha score (α = .70). All other items were retained, resulting in a 22-item test. However, all 
participants were directed to complete the full 25-item test.  
Marksmanship self-efficacy scales. Two scales were used to measure self-efficacy 
beliefs in the marksmanship domain. Individuals were presented with items portraying different 
levels of task demands, and they rated the strength of their belief in their ability in knowing the 
information as well as executing the requisite activities. Participants completed one self-efficacy 
scale relating to their marksmanship skill and another relating to their marksmanship knowledge. 
Both scales asked the participants to rate their degree of confidence with a 10-point Likert scale. 
The self-efficacy of marksmanship knowledge scale includes four items (α = .75), such as “I 
understand what the four fundamentals are” and “I understand how to perform them.” The self-
efficacy of marksmanship skill scale includes seven items (α = .96), such as “I can effectively 
apply the four fundamentals simultaneously.” 
Sensor-based performance data. As previously described, the FN Expert™ device 
collected aim trace for each shot in the three positions: prone-supported, prone-unsupported, and 
kneeling. These measures were quantified to perform proper data analysis. The FN Expert™ 
software extrapolated X and Y coordinates of aim trace for each shot. Three seconds of data 
points were collected. The current research applied the coordinates into adapted versions of 
Johnson’s (2001) algorithms.  
Steadiness measures the vertical and horizontal dispersion of aim trace in one number. A 
smaller score indicates a steadier position. Steadiness is calculated as follows: 
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Steady Position = √𝑆𝐷𝑋
2 + 𝑆𝐷𝑌
2 
Trigger control measures the distance between the participant’s aim position .25 seconds 
prior to the shot and the final hit position. A smaller score indicates a better trigger control. 
Trigger control is calculated as follows: 
Trigger Control = √(𝑋𝑖 − ?̅?)2 + (𝑌𝑖 − ?̅?)2 
Aim is measured by accuracy, which is the shot distance from the center of mass. A 
smaller score indicates more accuracy. Aim is calculated as follows: 
𝐴𝑖𝑚 =  √𝑋2 + 𝑌2 
Criterion measures. The criterion was collected during the qualification fire on a live 
range, where Soldiers shot at 40 timed targets. Soldiers engaged 20 single or multiple targets 
from the prone-supported firing position, 10 targets from the prone-unsupported firing position, 
and 10 targets from the unsupported-kneeling firing position. The number of targets shot in each 
position were aggregated into a single score. Each participant was required to complete three 
attempts. However, the current study considers the criterion as the Army’s metric of Soldier 
marksmanship proficiency, which is the highest qualification score. 
Procedure. Data collection occurred in conjunction with Soldiers’ marksmanship 
training during the BOLC. In the BOLC course, participants performed a brief train-up and then 
completed the service rifle qualification test. Figure 13 depicts the data collection schedule 
implemented during the BOLC marksmanship training. 
During the first day of data collection, each participant signed an informed consent form 
prior to participating in the study. By signing the form, participants acknowledged that their 
participation in the study was voluntary and could be terminated at their request. They also 
acknowledged any benefits and risks to themselves associated with their participation. The 
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Soldiers willing to participate then completed the battery of tests and measures. These tests and 
measures are presented in Table 1 and included in Appendices C, D, and E. They assess the 
Soldiers’ prior experience, domain knowledge, and self-efficacy. 
Table 1  
 
Data Collection Measures 
 
Predictors Measures 
Domain Knowledge Knowledge Test Score (22) 
Prior Experience Familiarity with handgun (scale 1–5) 
Frequency hunting large animals (scale 1–5) 
Frequency hunting small animals (scale 1–5) 
Self-Efficacy In Marksmanship 
 
Knowledge (scale 1–7) 
Skill (scale 1–7) 
Trigger Control Algorithm from aim trace in FN Expert™  
Steady Position Algorithm from aim trace in FN Expert™ 
Aim Algorithm from aim trace in FN Expert™ 
 
Criterion  Measure 
Qualification Score Highest score of hit targets in the kneeling and 
prone positions during the qualification event 
 
 
Figure 13. Data collection schedule. 
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During the second day of data collection, participants executed dry-fire drills (no live 
ammo) using the FN Expert™ system. A researcher provided an overview of the system and 
explained the procedure to each participant prior to using the FN Expert™. The instructor and 
the research team on site answered any general questions prior to the start of the exercise. After 
the participants were familiarized with the apparatus, the FN Expert™ device was calibrated by 
the participant by taking three shots prior to the start of data collection. This procedure is also 
known as “software zeroing,” which adjusts the center of the target to the center of that shot 
grouping (Brown et al., 2017). Once the software zeroing procedure was completed, data 
collection began. The participants took 15 dry-fire shots at a target without any body armor or a 
helmet. Although the target was placed 10 meters away, it was simulating a distance of 200 
meters. Since marksmanship training provides instruction for three firing positions (prone-
supported, prone-unsupported, and kneeling), the participant took five shots per position. See 
Figures 14, 15, and 16 for a depiction of each firing position.  
During the exercise, range personnel and Army instructors monitored each participant to 
ensure safety procedures were followed. No feedback or remedial training was given after the 
exercise. The only purpose was to collect performance measures. After the participant completed 
their shots in each position, they commenced to their normal training activities. 
During final day of data collection, Soldiers completed the qualification fire on a live 
range where Soldiers shot at 40 timed targets that popped up for different durations of time at 
various distances (50–300 m). As previously described, Soldiers engaged 20 single or multiple 
targets from prone-supported, 10 targets from prone-unsupported, and 10 targets from kneeling. 
To pass, trainees must have hit 23 targets, qualifying them as Marksman; 30 to 35 hits qualifies 
them as Sharpshooters, and 36 to 40 hits qualifies them as Experts (FM 3-22.9, 2008; James & 
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Dyer, 2011). Each participant was required to complete three attempts. If they still did not 
qualify, they were given two additional attempts. Although all attempts were collected, the 
current study considers the criterion as the highest qualification score of the three attempts.  
 
Data analyses. Sample sizes were determined using G*Power 3.1 for power analysis 
(Faul & Erdfelder, 1992; for a full description, see Erdfelder, Faul, & Buchner, 1996). The 
analysis was performed with the power set at 0.95 and an effect size of .3. An a priori power 
analysis showed the sample size required to reach statistical significance for a multiple linear 
regression was 76.   
Figure 14. Prone-supported firing position. 
 
Figure 15. Prone-unsupported firing position. 
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SPSS 23.0 was used for all analyses. 
Given that research indicates shot quality to 
significantly differ in the various shooting 
positions (e.g., Brown et al., 2016), and the 
Army requires each Soldier to shoot in three 
different positions, the current analyses 
separated the sensor performance measures 
for each shooting position (prone-supported, 
prone-unsupported, and kneeling). Data 
analysis procedures included the following:  
- Descriptive statistics to screen the data for potential errors and to summarize the data. 
- Pearson r correlations to examine the relationships between the predictors and marksmanship 
performance to assess basic relationships and determine potential singularity of constructs. 
- A hierarchical regression analysis to test the hypotheses by explaining the relationships 
among a set of predictor variables and the highest qualification score.  
- An exploratory multiple regression analysis to explain the relationship among the sensor-
based performance measures and the highest qualification score broken out per position 
(prone-supported, prone-unsupported, and kneeling). 
- Exploratory mediation analyses to identify whether prior experience influences the 
relationship between the significant predictor performance measures and qualification score. 
- An exploratory repeated-measure analysis of variance (ANOVA) to test whether 
performance changed during the three attempts used to obtain the BRM highest qualification 
score. 
 Figure 16. Kneeling firing position. 
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CHAPTER 6: RESULTS 
Descriptive Statistics 
A total of 79 participants were included in the analyses. Participants ranged from 21 to 39 
years of age (M = 24.22, SD = 3.23); 77 (97.5%) were male and 2 (2.5%) were female; 71 
(89.9%) had a bachelor’s degree, 7 (8.9%) had a master’s or doctorate degree, and one (1.3%) 
had some college. Sixty-eight (86.1%) were right-handed and eleven (13.9%) were left-handed. 
Sixty (75.9%) were right-eye dominant and nineteen (24.1%) were left-eye dominant. Of these 
participants, 63 (79.7%) were pure eye and hand dominant and 16 (20.3%) were cross-dominant. 
The remaining descriptive statistics regarding the predictor variables (knowledge, prior 
experience, self-efficacy) and criterion (qualification score) are provided in Table 2.  
Pearson R Correlations     
Correlational analyses were used to examine the relationship between marksmanship 
performance and prior experience, knowledge, and self-efficacy as well as aim, trigger control, 
and steady position collected by sensors in all three shooting positions. The analysis also sought 
to identify singularity of constructs. Singularity occurs when two variables are so highly 
correlated that one variable may be used to obtain the values of the other. Following Hutcheson 
and Sofroniou’s (1999) suggestion, any correlations over .80 were excluded.  
Due to the number of variables, a summary of only the correlates to the highest 
qualification score are provided in Figure 17. These results found various sensor-based 
performance measures, self-efficacy in marksmanship skill, and prior experience to be highly 
related with the qualification score. Since inter-correlations did not exceed .80, all predictor 
variables remained in the following analyses.  
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Table 2  
 
Descriptive Statistics 
 
Measure M SD 
Familiarity with handguns 3.27 1.15 
Experience hunting large animals 1.98 1.37 
Experience hunting small animals 1.70 1.15 
Self-efficacy—knowledge 5.37 1.01 
Self-efficacy—skill 5.60 1.05 
Knowledge 17.58 2.82 
Steadiness Prone-Supported 79.18 80.03 
Steadiness Prone-Unsupported 138.48 93.48 
Steadiness Kneeling 218.41 100.40 
Aim Prone-Supported 143.97 154.48 
Aim Prone-Unsupported 174.77 106.51 
Aim Kneeling 228.69 129.08 
Trigger Control Prone-Supported 95.33 91.20 
Trigger Control Prone-Unsupported 136.30 82.83 
Trigger Control Kneeling 222.83 120.61 
Highest Qualification Score 30.70 4.18 
Average Qualification Score 27.81 4.31 
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Figure 17. Correlates of highest qualification score. *p < .05; **p < .01 
 
Hierarchical Regression 
A two-step hierarchical multiple regression was conducted to test the hypotheses by 
explaining the relationships among a set of predictor variables and the highest qualification 
score. Hierarchical multiple regression (block entry) examines whether subsequently entered 
variables add significant explanation of the variance in the criterion (qualification score) after 
controlling for earlier entered variables. Entry was determined based on theoretical 
underpinnings and the objectives. In the first step, individual differences (domain knowledge, 
prior experience, self-efficacy) were entered to identify the variance and control for the effects of 
covariates. After controlling for the effects of the individual differences, the sensor-based 
performance measures (aim, trigger control, steady position) in each shooting position (prone-
supported, prone-unsupported, kneeling) were entered in the second step. 
Checking assumptions. Before examining the results of the hierarchical regression, 
collinearity was examined. Collinearity is identified through tolerance and the variance inflation 
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factor (VIF). Tolerance indicates how much variability of an independent variable is not 
explained by the other independent variables. VIF identifies how much of the variance is 
inflated. The tolerance of the current study was greater than .10, and VIF values are below 10, 
indicating that multicollinearity was not an issue.   
Normality was checked by inspecting the normal probability plot of the regression 
standardized residual. As displayed in Figure 18, the data falls within a reasonably straight 
diagonal line, suggesting no major deviation from normality.   
 
Figure 18. Normal probability plot (P-P) of regression standardized residual. 
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Outliers were detected by inspecting the Mahalanobis distance. None of the data exceeds 
the Mahal. maximum value of 65.89, which indicates that there are no outliers in the data set. 
Cook’s distance was also checked to see whether data is having an unjustified influence on the 
model. Since none of the data exceeded the maximum value for Cook’s distance of .21, it seems 
that there are no major problems in the data set. 
Hypotheses testing 1–6. The following results use the adjusted R² to adjust for the 
number of predictors in the model and improve the model by explaining the variance with only 
the predictors that affect the criterion. The hierarchical multiple regression revealed that 
individual differences in Step 1 did not contribute significantly to the regression model, F(4,74) 
= 2.32, p = .06. The adjusted R² identifies that 6.4% of the variance was accounted for in Step 1.  
Introducing sensor-based performance measures (steadiness, aim, trigger control) in Step 2 of the 
hierarchical regressions added 18.9% of the variance, and the change in adjusted R² was 
significant, F(13, 65) = 3.03, p > .01. When all variables were included in Step 2 of the 
regression model, the model accounted for 25.3% of the variance.  
While the model accounts for 25.3% of the variance, the only significant predictors that 
remain are domain knowledge, β = .33, p = .04, 95% CI [.64, .01], as well as steadiness, β = .02, 
p = .03, 95% CI [.04, .00], and trigger control, β = -.02, p = .04, 95% CI [-.00, -.04], sensor-
based measures in the prone-unsupported position (see Table 4). The remaining sensor-based 
performance measures, prior experience, and self-efficacy in knowledge and skill were non-
significant when controlling for the other predictors. Therefore, the current study supports 
Hypothesis 1, and partially supports Hypotheses 5 and 6. Specifically, domain knowledge (H1) 
as well as steadiness (H5) and trigger control (H6) sensor-based measures in the prone-
unsupported position predicted qualification score. However, aim (H4), prior experience (H2), 
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and self-efficacy (H3) did not predict qualification score.  
Table 3 
 
Multiple Linear Regression 
 
Step Predictors  Beta T Sig. CI Lower CI Upper Adj. 𝑅
2 
1 
Prior experience .11 .68 .50 -.21 .43 
.064 
Self-efficacy in 
knowledge 
-.12 -.74 .47 -.46 .21 
Self-efficacy in skill .06 .64 .53 -.13 .25 
Domain knowledge -.33 2.06 .04 .01 .64 
2 
Prone-supported 
steadiness 
-.02 -1.57 .12 -.05 .01 
.189 
Prone-unsupported 
steadiness 
.02 2.28 .03 .00 .04 
Kneeling steadiness -.01 -1.07 .29 -.02 .01 
Prone-supported trigger 
control 
.01 .74 .46 -.01 .03 
Prone-unsupported 
trigger control 
-.02 -2.07 .04 -.04 .00 
Kneeling trigger control .00 .48 .63 -.01 .02 
Prone-supported aim -.00 -1.35 .18 -.02 .00 
Prone-unsupported aim .00 .21 .84 -.01 .02 
Kneeling aim -.00 -.70 .49 -.02 .01 
 
Exploratory Analyses 
Multiple regression. During the primary analysis, a question was raised about whether 
sensor-based performance measures better predict the qualification scores broken out per 
position. An exploratory multiple regression analysis was used to identify whether sensor-based 
performance measures predict the qualification scores broken out per position. The predictors in 
the current analysis are aim, steadiness, and trigger control in the prone-supported, prone-
unsupported, and kneeling positions. The criteria are the highest qualification score broken out 
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into the three shooting positions. Therefore, the criteria are the prone-supported qualification 
score, prone-unsupported qualification score, and kneeling qualification score.  
Post-hoc power analysis identified that the following regressions had an observed power 
of .91 at an effect size of .2. Although four participants met the qualification score, they were 
missing the exact score per position from the qualifying event. Therefore, their data was replaced 
by the mean of the sample for each firing position.  
In the prone-supported position, the average Soldier hit almost 16 targets out of 20 (M = 
15.77, SD = 2.75). The average Soldier would also hit between 7 and 8 targets of 10 in the prone-
unsupported (M = 7.51, SD = 1.38) and kneeling (M = 7.67, SD = 1.61) positions. The multiple 
regression analysis revealed that the sensor-based measure of steadiness in the kneeling position 
predicted the unsupported qualification score, β = -.49, p < .01, 95% CI [-.01, 00]. However, the 
other performance measures in the FN Expert™ did not significantly predict the qualification 
scores in the prone-supported, prone-unsupported, and kneeling positions. See Tables 5, 6, and 7 
for more details. 
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Table 4  
 
Prone-Supported Qualification Score Regression 
 
Predictors  Beta T Sig. CI Lower CI Upper Adj. 𝑅2 
Prone-supported steadiness .23 .85 .40 -.01 .03 
.14 
Prone-unsupported steadiness -.19 -.49 .62 -.02 .01 
Kneeling steadiness -.10 -.56 .57 -.01 .01 
Prone-supported trigger control .08 .29 .77 -.01 .02 
Prone-unsupported trigger control -.27 -1.40 .17 -.02 .00 
Kneeling trigger control .21 .96 .34 .00 .01 
Prone-supported aim -.47 -1.69 .10 -.02 .00 
Prone-unsupported aim -.06 -.33 .75 -.01 .01 
Kneeling aim .17 .83 .41 .00 .01 
 
Table 5 
 
Prone-Unsupported Qualification Score Regression 
 
Predictors  Beta T Sig. CI Lower CI Upper Adj. 𝑅2 
Prone-supported steadiness .17 .61 .54 -.01 .01 
.05 
Prone-unsupported steadiness .23 .94 .35 .00 .01 
Kneeling steadiness -.49 -2.72 .01 -.01 .00 
Prone-supported trigger control .43 1.63 .11 .00 .01 
Prone-unsupported trigger control -.14 -.73 .47 -.01 .00 
Kneeling trigger control .19 .86 .39 .00 .01 
Prone-supported aim -.44 -1.55 .13 -.01 .00 
Prone-unsupported aim -.03 -.13 .90 -.01 .00 
Kneeling aim .00 -.01 .99 .00 .00 
 
  
 56 
Table 6  
 
Kneeling Qualification Score Regression 
 
Predictors  Beta T Sig. CI Lower CI Upper Adj. 𝑅2 
Prone-supported steadiness .04 .16 .87 -.01 .01 
.07 
Prone-unsupported steadiness .13 .55 .59 -.01 .01 
Kneeling steadiness -.02 -.11 .91 -.01 .01 
Prone-supported trigger control -.44 -1.66 .10 -.02 .00 
Prone-unsupported trigger control .06 .30 .77 -.01 .01 
Kneeling trigger control -.17 -.77 .45 -.01 .00 
Prone-supported aim .18 .64 .53 .00 .01 
Prone-unsupported aim -.22 -1.10 .27 -.01 .00 
Kneeling aim .16 .77 .45 .00 .01 
 
Mediation analyses. The results of the hierarchical regression raised questions to 
whether prior experience affects the relationship between significantly predictive sensor-based 
measures and the qualification score. Exploratory analyses were conducted with Hayes’ (2017) 
simple mediation model to test whether prior experience influences the relationship between the 
qualification score and the sensor-based measures of trigger control and steadiness in the prone-
unsupported position.  
The mediation analyses used PROCESS (Hayes, 2017). PROCESS is an observed 
variable OLS regression path analysis modeling tool for SPSS. It is currently used to estimate 
direct and indirect effects in multiple mediator models, which is known as ‘model 4.’ Standard 
errors for model coefficients are based on the HC3 heteroscedasticity-consistent standard error 
estimator. 
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The mediation analysis of prior experience and trigger control in relation to qualification 
score resulted in the direct effect of .24 and the indirect effect of .11. Consistent with the previous 
regression results, the mediation analyses found that prior experience, t(77) = 1.53, p = .13, does 
not relate to highest qualification score, and the sensor-based trigger control in the unsupported 
firing position was significantly related to highest qualification score, t(76) = -2.14, p = .04. Prior 
experience significantly relates to sensor-based trigger control in the unsupported firing position, 
t(77) = -2.88, p < .01. When entered together, sensor-based trigger control in the unsupported firing 
position and prior experience is significantly related to highest qualification score, t(77) = 1.53, p 
= .03. Given that the relationship between sensor-based trigger control in the unsupported firing 
position and highest qualification score increases with the inclusion of prior experience, the results 
suggest that those with higher prior experience tend to have lower sensor trigger control scores 
(i.e., performed better) in the prone-unsupported position, which in turn have higher qualification 
scores. 
The mediation analysis of prior experience and steadiness in relation to qualification score 
resulted in the direct effect of .32 and the indirect effect of .02. The mediation analysis found 
sensor-based steadiness in the prone-unsupported firing position was not significantly related to 
the qualification score independent of prior experience, t(76) = -1.84, p = .07. However, sensor-
based steadiness in the prone-unsupported firing position, with the influence of prior experience, 
is significantly related to highest qualification score, t(77) = 2.26, p = .03. Therefore, it is suggested 
that prior experience and sensor-based steadiness in the unsupported firing position are only 
significantly related to qualification scores if they are entered together. However, given that the 
direct effects of prior experience and sensor-based steadiness were not significant, the significant 
total effect should be interpreted with caution.  
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Repeated measures ANOVA and qualification score descriptives. During data 
collection, the question was raised about whether performance significantly changes throughout 
qualification event. Although the highest qualification score was used in the main analysis, a 
repeated measures ANOVA was performed to examine the effects of qualification attempt on 
performance. Number of attempts (time) was identified as a within-subjects factor, consisting of 
three levels: first attempt, second attempt, and third attempt. Mauchly’s test indicated that the 
assumption of sphericity had not been violated, 𝑋2(2) = 4.86, 𝑝 = .09. The tests of within-
subjects effects with sphericity assumed resulted in no main effect for number of attempt, F(2, 
156) = 2.74, p = .07, 𝜂𝑝
2 =  .06. However, the non-significant main effect may be caused by the 
low observed power (.48; Hoenig & Heisey, 2001).  
Figure 19 depicts the trend analysis of the qualification attempts. Table 8 provides means 
and standard deviations of the first, second, and third qualification attempts as well as the highest 
qualification score for each skill level. Using an average of the three attempts, an average 
qualification score is also provided for each skill level. 
Figure 19. Trend analysis of BRM qualification attempts. 
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Table 7  
Means and Standard Deviations of Skill Level and Qualification Scores 
 
Qualification Scores Skill Level Mean SD 
First attempt DNQ 18.00 4.24 
 Marksman 24.13 3.21 
 Sharpshooter 27.86 5.17 
 Expert 32.50 4.50 
Second attempt DNQ 17.00 2.83 
 Marksman 24.09 4.22 
 Sharpshooter 29.89 3.07 
 Expert 34.30 3.06 
Third attempt DNQ 17.50 4.95 
 Marksman 23.61 4.11 
 Sharpshooter 29.61 3.32 
 Expert 32.20 4.71 
Overall average score DNQ 17.50 2.12 
 Marksman 23.94 2.94 
 Sharpshooter 29.12 2.69 
 Expert 33.00 2.02 
Highest score DNQ 20.00 2.17 
 Marksman 26.52 1.75 
 Sharpshooter 32.14 .71 
 Expert 36.50 4.08 
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CHAPTER 7: DISCUSSION 
The current study sought to answer the following questions: (1) what individual 
differences predict qualification score and (2) what sensor-based performance measures during 
training predict qualification score. In the hierarchical regression, individual differences only 
accounted 6.4% of the variance, which was not significant. The sensor-based performance 
measures, on the other hand, were significant and accounted for 18.9% of the variance. The final 
predictive model accounted for 25.3% of the variance. Domain knowledge (H1) as well as 
steadiness (H5) and trigger control (H6) sensor-based measures in the prone-unsupported 
position were the only variables that remained predictive in the model. The hypotheses that prior 
experience (H2), self-efficacy (H3), and aim (H4) predicted qualification scores were not 
supported. 
In the exploratory multiple regression, steadiness collected with the sensors in the 
kneeling position predicted the prone-unsupported qualification score. The other sensor-based 
performance measures did not significantly predict the qualification score for each firing 
position. As a result, the sensor-based performance measures seem to be the most predictive for 
qualification score as a whole rather than looking at each position separately. 
The exploratory mediation analyses found a significant relationship between prior 
experience and sensor-based trigger control in the prone-unsupported position, and a significant 
relationship between sensor-based trigger control in the prone-unsupported position and 
qualification scores. The results suggest that those with higher prior experience tend to have 
lower sensor trigger control scores in the prone-unsupported position, and those with lower 
sensor trigger control scores in the prone-unsupported position in turn have a higher qualification 
score. 
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Additionally, when entered together, prior experience and sensor-based steadiness in the 
prone-unsupported position are significantly related to qualification score. However, sensor-
based steadiness in the prone-unsupported position and prior experience independently are not 
significantly related to qualification score. 
In the exploratory repeated measures ANOVA, performance between the qualification 
attempts were non-significant. Despite the non-significance, the qualification scores still raise the 
question of whether the highest qualification is valid and if three attempts are necessary. Below 
are details of the findings and potential implications for assessments during marksmanship skill 
acquisition. 
Hypotheses 1–3: Individual Difference Measures  
The finding that domain knowledge is significantly predictive of marksmanship is 
consistent with prior research showing that expert marksmen understand the fundamentals of 
rifle marksmanship more than the novice or average marksmen (Chung et al., 2004; Thompson et 
al., 1980). It is possible that Soldiers improve marksmanship performance by utilizing domain 
knowledge to understand the relationships between the fundamentals and outcomes, how to 
recognize problems associated with the fundamentals, and how to fix those problems (Baker, 
2003).   
One implication of the current finding is that emphasis should be placed on ensuring that 
Soldiers have a concrete understanding of marksmanship fundamentals. Instructors can assess 
Soldiers’ knowledge periodically in the classroom to identify poor performance reflecting 
inadequate opportunities for learning as well as to pinpoint specific areas that distinguish high 
and low performers. Instructors would then be able to take prompt action to correct and improve 
deficiencies in knowledge through additional explanation and demonstration.  
 62 
Although prior experience is a significant correlate to qualification score, it did not 
remain significant in the predictive model. It is postulated that this finding may have occurred 
due to the differences between ‘experience’ and ‘practice.’ This finding is supported by literature 
that suggests the importance of deliberate practice over experience (e.g., Day, 2010; Ericsson, 
2006). Deliberate practice is defined as “a highly structured activity, the explicit goal of which is 
to improve performance” (Ericcson, Krampe, & Tesch-Romer, 1993, p. 368). Learning from 
experience is not as beneficial because there is not an awareness to learn or clarity of what needs 
to be learned (Day, 2010). Therefore, merely executing tasks may not improve capabilities. 
Rather, deliberate efforts are required to improve specific aspects of performance (Ericsson, 
2006). Future research is required to identify further the relationship of deliberate practice and 
marksmanship proficiency.  
Another reason prior experience may not have remained significant in the predictive 
model is merely because it acts as a mediator rather than a predictor. It was postulated that prior 
experience might explain the relationship between sensor performance measures and highest 
qualification scores. As a result, exploratory mediation analyses were conducted to identify 
whether prior experience influences the relationship between the significantly predictive sensor 
measures and qualification score. The results of the exploratory analyses are discussed in the 
following sections. 
The current study also found that self-efficacy in knowledge was not correlated or 
predictive of marksmanship proficiency. Although self-efficacy in marksmanship skill is a 
significant correlate to qualification score, it did not remain significant in the predictive model. It 
is postulated that the failure of self-efficacy to predict qualification score may have been a 
function of when the self-efficacy measures were collected. Self-efficacy was collected during 
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the beginning of the training process, whereas the qualification scores were collected at the end 
of training. The time in which self-efficacy was collected may influence the predictive 
capabilities regarding marksmanship skill progression. This may have occurred due to the 
training events and information presented between the times of data collection, possibly altering 
the participant’s self-efficacy. While the current study did not have the opportunity to collect 
self-efficacy at a later time, further research should implement these measures across multiple 
periods of marksmanship instruction to understand the role of individual differences and the 
influence of timing. This will establish the best time to implement the measures as well as 
support an understanding of how performance changes throughout the acquisition of 
marksmanship proficiency. 
Hypotheses 4–6: Sensor-Based Performance Measures 
Sensor data in firing positions. The current research found that the prone-unsupported 
position was the only shooting position with significantly predictive sensor measures. The 
sensor-based results of prone-supported and kneeling positions were not predictive of the 
subsequent qualification score. The prone-supported position uses artificial support, such as 
sandbags, to steady the weapon (Dept. of the Army, 2008). Given that the weapon and the elbow 
of the shooter’s firing arm are being supported, prone-supported is the steadiest firing position 
(Heller, Thompson, & Osborne, 1985). The inherent support of the position reduces the 
variability of trigger control and steadiness sensor-based performance measures. Therefore, the 
prone-supported position lacks insight into qualification score. 
The unsupported positions require Soldiers to hold the weapon steady while only using 
bone support rather than artificial support (FM 3-22.9, 2008). Kneeling is an unsupported 
position, requiring the Soldier to hold up the rifle with their arm while the elbow is resting on the 
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knee. The Soldier must also lower their opposite upper leg onto the heel. The kneeling position is 
highly used in the operational environment since it lowers the shooter’s visible profile and 
provides better situation awareness. However, it is more difficult to learn and achieve steadiness 
through bone support (Enos, 2006). Therefore, the sensor performance measures in the kneeling 
position may have reflected too much variability to predict the qualification score. It is 
postulated that the Soldiers did not obtain enough instruction or have enough practice to achieve 
proper skill proficiency in the kneeling position at the time of data collection.  
Prone-unsupported is another position that does not use artificial support. The Soldier 
must hold up the rifle by their non-firing arm and hand while in the prone position. The BRM 
training guide directs the instructors to have the Soldiers constantly practice the prone-
unsupported position (Dept. of the Army, 2008). The additional practice allows the 
marksmanship skill to progress more rapidly in this position. Unlike prone-supported, the prone-
unsupported position creates a small wobble given that there are no sandbags to support the arm 
and weapon (Heller et al., 1985). As a result, the sensor-based performance measures in prone-
unsupported position provide enough variability between Soldiers to predict the qualification 
score.  
Sensor performance measures. The finding that steadiness and trigger control in the 
prone-unsupported position are significantly predictive of qualification score is consistent with 
prior research showing that expert marksmen have better control of their body and weapon than 
novices (e.g., Nagashima et al., 2009). The finding that aim in the prone-unsupported position 
was not predictive of marksmanship proficiency is not consistent with prior research.  
Proficient aim is achieved through proper trigger control and steadiness. One would 
postulate that singularity affected aim as a predictor; however, the current study found enough 
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independence between the sensor-based performance measures given that inter-correlations did 
not reach above .79. These correlations are below Hutcheson and Sofroniou’s (1999) suggestion 
to exclude correlations over .80 unless they are used in a factor analysis.  
Despite the independence between the sensor-based performance measures, future 
research is required to parse out the predictors in a regression analysis in effort to understand 
further the relationship between marksmanship proficiency and the sensor-based performance 
data given the possibility of suppressor variables. It is postulated that trigger control and 
steadiness together acted to suppress the predictive capabilities of aim. As a result, predictors 
should be entered into the model separately to remove extraneous variation and strengthen the 
relationship between the predictors and criterion (Ludlow & Klein, 2014).  
While the relationship between marksmanship fundamental skills and shooting 
performance is intuitively obvious, there remains inconsistency regarding whether sensor 
technology predicts marksmanship proficiency. The current research found that the sensor-based 
performance measures collected by the FN Expert™ only account for approximately 20% of the 
variance when predicting the qualification score. Although the FN Expert™ sensor measures 
account for more variance than the prior research that used technology, the variance accounted 
for is still low. Therefore, further research is required to improve the viability of sensor-based 
technology in predicting marksmanship scores. 
Exploratory Analysis   
Sensor data and qualification firing position. When investigating the relationship 
between sensor-based performance measures and qualification score per position, the current 
study found that steadiness in the kneeling position predicted the unsupported qualification 
score. The other sensor-based performance measures did not significantly predict the 
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qualification score for each firing position. The sensor-based performance measures may not be 
as successful in predicting the qualifications score per position since they were collected in the 
middle of BRM training. The training and practice between the times of data collection possibly 
altered individual skill progression in each position. As such, each Soldier may have developed 
different rates of skill proficiency in each position as the training progressed. If the sensor-based 
performance measures were collected closer to the qualification event, these variables may have 
been more predictive for each qualification firing position. Additionally, the current qualification 
event does not collect the location of hits and misses on each target. The qualification score is 
only based on the number of targets that the Soldier hits. If the location of hits and misses were 
available, the sensor-based performance measures may be more predictive.   
Currently, the sensor-based performance measures seem to be the most predictive for the 
qualification score as a whole rather than looking at each position separately. More research is 
needed to identify skill deficiencies regarding the qualification firing position. The implication of 
the current finding is that the Soldiers’ performance must be objectively assessed more 
frequently over the course of skill acquisition (Chung et al., 2004; Murphy et al., 2015). 
Consistent and objective assessments during BRM training would help instructors identify 
Soldier weaknesses before the qualification event and provide the ability to assess those Soldiers 
needing additional support. However, more research is needed to investigate the best time to 
collect performance measures that will further identify which firing position needs remedial 
training.  
Influence of prior experience on sensor-based performance measures. The current 
study conducted Hayes mediation analyses (Hayes, 2017) in effort to identify whether prior 
experience influences the relationship between significantly predictive sensor-based performance 
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measures (trigger control and steadiness in prone-unsupported position) and the qualification 
score. Although prior experience was not significantly related to the qualification score, the 
results indicate a significant relationship between prior experience and sensor-based trigger 
control measures in the prone-unsupported position as well as a significant relationship between 
sensor-based trigger control measure in the prone-unsupported position and qualification. When 
entered together, the relationship between sensor-based trigger control in the unsupported firing 
position and highest qualification score increases with the inclusion of prior experience.  
The significant relationship between prior experience and sensor-based trigger control measures 
in the prone-unsupported position suggest that individuals with more prior experience tend to 
have lower sensor trigger control scores (i.e., performed better) in the prone-unsupported 
position. This may have occurred because prior experience supports practice, which then 
provides individuals the opportunity to understand the nature of the required task and concentrate 
on refining motor skills (Simon & Chase, 1973). The practice through prior experience provides 
trainees with enough understanding of trigger control and, in turn, influences their sensor 
performance collected during the training. However, prior experience is not a direct predictor of 
qualification score, which may be a result of the training undergone before the qualification 
event. Although prior experience may influence the performance during training, instruction may 
dilute the predictive abilities of prior experience. 
The mediation analyses also found sensor-based steadiness in the prone-unsupported 
position and prior experience, when entered together, were significantly related to qualification 
score. However, sensor-based steadiness in the prone-unsupported position and prior experience 
independently do not significantly relate to qualification score. While this supports the extant 
literature that suggests individual differences to influence training (e.g., Ackerman, 1996; 
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Grossman & Salas, 2011; Gully & Chen, 2010) and overall marksmanship performance (Chung et 
al., 2011), any interpretation of the total indirect effect should be taken with caution. Hayes (2017) 
stated that because the indirect effect is “a sum over all specific indirect effects” (p. 185), a few 
weak signals added up may be strong enough to detect significance because the effect size is larger, 
making the power higher. The significant total indirect effect may therefore be misleading.  
Qualification attempts and scoring.  The current study also explored the relationship 
between qualification attempts and performance. The results found that Soldiers did not have a 
significant change in performance throughout the qualification attempts. These non-significant 
results may be the effect of low observed power (Hoenig & Heisey, 2001).  
Despite the lack of significance, the results provided insight into the performance for 
each qualification attempt. The trend of the qualification attempts found the highest average 
group scores occur during the second attempt, with the exception of those that did not qualify. It 
is postulated that the attempts past the second is used to provide poor shooters as many 
opportunities to qualify, regardless of skill deficiencies. These additional attempts may be an 
effort to meet quota rather than form skilled marksmen.  
 The current study also raised concern over the BRM qualification score. The skill level 
was based on the highest qualification score, which resulted in 10 (12.7%) Experts, 44 (55.7%) 
Sharpshooters, 23 (29.1%) Marksmen, and 2 (2.5%) unqualified. While these results seem 
impressive, it is unknown whether the highest qualification score is an appropriate gauge of 
marksmanship proficiency.  
Using the highest qualification score presents many possible limitations regarding 
validity. Validity is the extent to which the evaluation supports the conclusion drawn from the 
assessment (Bryant, 2000). One reason to question validity is that the multiple attempts to 
 69 
achieve a high qualification create the opportunity for regression towards to mean (RTM). RTM 
is a statistical phenomenon that occurs when trainees are repeatedly measured on the same task, 
which creates a higher occurrence of random error. Random error is the non-systematic variation 
of performance measures around a true mean (Barnett, Van Der Pols, & Dobson, 2004). As a 
result, those that achieved extreme qualification scores generally regress towards the mean on 
other attempts. This is a particular issue given that those who obtained initially low qualification 
scores will regress towards the mean during their other attempts, and their highest attempt will be 
collected. This highest attempt may therefore be due to random error rather than actual skill 
proficiency.  
RTM may occur when the performance measurement of marksmanship proficiency is not 
perfectly reliable. One way to possibly mitigate RTM is through a multiple-item assessment 
(Bergkvist & Rossiter, 2007), such as the average of the three qualification attempts. 
Marksmanship instructors believe that the average is a better indicator of marksmanship 
proficiency. If the average were used instead of the highest qualification score in the current 
study, the number of Soldiers in each marksmanship proficiency classification would change. 
Those that did not qualify would receive a 17.5 using their average score, Marksmen would 
receive a 23.94, Sharpshooters would receive a 29.12, and Experts would receive a 33. As such, 
at least half of the Sharpshooters and Experts would be classified as a skill level lower using the 
average qualification score. While the average score for Marksmen is within the passing score 
range, a considerable amount would not qualify if the average score was used. These results not 
only highlight significant shooter skill deficiencies, but it also highlights deficiencies within the 
Army’s measure of marksmanship proficiency. Therefore, speculation is raised regarding 
whether highest qualification is an appropriate indicator of performance.   
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Limitations 
 The current research found that domain knowledge as well as trigger control and 
steadiness collected with the sensor-based technology in the prone-unsupported position 
significantly predicted Soldiers’ qualification scores. However, the study is not without 
limitations.  
Qualification event.  The current study used the Army’s metric for marksmanship 
proficiency, which is the highest BRM qualification score. As described above, the highest 
qualification score presents many possible limitations regarding criterion validity. Therefore, 
more research is needed to improve the marksmanship qualification metrics of proficiency. 
Another limitation with the qualification scores is that it is based solely on whether a 
target was hit rather than the location of hits. The inability to identify the location of hits limits 
the specific elements of each Soldier’s firing performance. For example, credit for targets will 
not be weighed based on level of difficulty, and there is not a distinction between near and far 
targets or the order in which the Soldier engages in them. This reduces the ability to depict the 
level of marksmanship skill proficiency accurately. The inability to identify the location of hits 
and misses also limits the identification of whether the shot was lethal or non-lethal. Based on 
the Army’s focus on stating the rifle’s purpose to kill the enemy (Emerson, 2004), lethality of the 
shot seems to be an important aspect of skill proficiency. Yet, the qualification is limited in its 
ability to identify granular qualification performance. Future research is required to identify 
these granular performance measures related to skill level during the qualification event.   
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Sample size.  A limitation in the current study is the small sample size. While the a priori 
power analysis identified the sample size required to reach statistical significance for a multiple 
linear regression to be 76, there are general rules of thumb for the minimum amount of 
participants for a regression. For example, Green (1991) suggested N > 104 + m for testing 
individual predictors, with m indicating the number of independent variables. On the other hand, 
Harris (1985) suggested a minimum of 10 participants per predictor variable for regressions 
using six or more predictors.  
Variance accounted for.  The statistical analysis is also limited given that the final 
hierarchical regression model accounts for only 25.3% of the variance of marksmanship 
performance. This amount of variance means that the majority of performance variance is due to 
excluded and/or unmeasured factors. Although it is almost impossible to account for total 
variance, there is significant room for improved understanding. Therefore, further research is 
needed to identify additional variables that increase the explained variance. 
Trigger control. Another limitation is related to the trigger control performance data 
collected by the FN Expert™. The trigger control formula is based on an assumption of when the 
Soldier pulled the trigger. Since the technology does not use sensors placed on the trigger, the 
exact moment when each Soldier pulled the trigger is not entirely clear. However, other methods 
of collecting trigger control are not reliable. Previous research found that trigger pressure 
variables collected with sensors were limited by the processing power available within the 
technology, as they were often collected incorrectly or not at all (Ranes et al., 2014). 
While trigger duration is not accounted for and sensors were not used directly on the 
trigger, the current method provides an appropriate method to identify whether the trigger was 
jerked. Since the dry-fire exercise does not produce recoil, the movement of the rifle is attributed 
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to trigger pull. The data collects a point during the trigger pull and can identify whether the 
participant jerked the trigger. The trigger control data is therefore sufficient to provide enough 
insight into performance. 
  Singularity of constructs. Each performance measure derives from the same aim trace, 
which leads to concern with singularity and an overlap in the constructs. As described previously, 
singularity occurs when the predictors are perfectly correlated, and it is suggested to not include 
variables with a correlation of over .80 unless they are used in a factor analysis (Hutcheson & 
Sofroniou, 1999). Although singularity did not occur in the current study, the high inter-
correlations may have influenced the predictive model.  
Reliability.  Reliability is defined as “the proportion of real information about a construct 
of interest captured by your measurement of it” (Landers, 2015, p. 1). Although Brown et al. 
(2016) found the FN Expert™ to reliably collect the hit location and equivalent number of hits 
and misses as would occur in live fire, reliability has not been established during dry-fire. Rather, 
Brown et al. (2016) found a significant difference between live- and dry-fire in shot precision, 
F(1, 10) = 23.88, p < .001, and shot accuracy, F(1, 10) = 8.91, p = .01, while using the FN 
Expert™. It is postulated that the differences between live- and dry-fire are due to the recoil and 
environmental factors associated with live-fire. However, a lack of reliability in accuracy and 
precision in dry-fire may have contributed to the non-predictive result of aim in the current 
study.  
Type I error. Type I error occurs when the null hypothesis (𝐻0) is falsely rejected 
(Coolican, 2017; Peres-Neto, 1999). The significance level, also known as alpha value, is used to 
reduce the probability of committing a Type I error by establishing the sampling frequency to 
which the null hypothesis will be rejected when it is actually true. The current study set the alpha 
 73 
value to .05, which means there is a 5 out of 100 chance to commit a Type I error (Coolican, 
2017). However, the current study also conducted numerous analyses, which inevitably increased 
the Type I error. Although the possibility of a Type I error could have been reduced with a 
smaller alpha value (i.e., .01), that leads to an increase of chance for Type II errors (Peres-Neto, 
1999). Type II errors occur when the analysis accepts the null hypothesis when it is not true 
(Coolican, 2017; Peres-Neto, 1999). Therefore, an alpha value of .05 was maintained. Further 
research is recommended to replicate the study and check for Type I errors. 
Future Directions 
While future research is necessary to address the current study limitations, it is also 
essential to build upon the current findings. Future directions include developing metrics of 
performance, enhancing rifle marksmanship training throughout the services, and providing 
feedback and remediation strategies.  
Given that only 25.3% of the variance was accounted for when predicting qualification 
scores, more research is required to identify the measures that make up the rest of the 
performance variance. Once these measures are established, research should also establish 
metrics of performance. Currently, efforts are underway to develop models of marksmanship 
performance using the FN Expert™. Shooter performance data on expert and novice shooters 
were collected to create expert models of performance. These models can classify shooter skill 
level and characterize expected skill proficiency. The models will leverage the metrics of 
performance by establishing cutoff scores to evaluate proficiency on trigger control, steadiness, 
and aim. The information from the expert and novice models of performance will provide further 
insight into skill deficiencies and drive the development of marksmanship training systems and 
automated diagnostics. 
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While the current study used Army Soldiers, a predictive model for marksmanship would 
also benefit other military branches and law enforcement. However, the standards of 
marksmanship proficiency vary depending on the individual’s type of service. The qualification 
metric for the Army is not the same for the Marine Corps or law enforcement. The training also 
significantly differs. For example, the Marine Corps requires each Marine to qualify in the 
standing firing position. These differences may alter the importance and even types of skills and 
individual differences that influence marksmanship. Therefore, research is needed to develop a 
predictive model for different populations. 
Although predicting performance is imperative to assess skill proficiency and support 
diagnostic capabilities, future research is required to identify the type of feedback and remedial 
training that will support skill development. Currently, the effectiveness of marksmanship 
training and feedback are unknown because they are not completely standardized. While some 
instructors train based on the Doctrine, others train based on experiences. The experience-based 
information often creates a transfer of bad habits from one instructor to a trainee or platoon, 
which, in turn, causes skill deficiencies. There is also insufficient support to provide personalized 
instruction for every individual, which limits the ability to provide necessary feedback based on 
individual assessments. If there is an instructor to provide individualized feedback to Soldiers 
with skill deficiencies, the instructor usually does not have all of the appropriate data to 
immediately and successfully diagnose the causes of errors (Goldberg et al., 2014).   
Issues regarding feedback may be mitigated with technology that provides both 
diagnostic capabilities and individualized feedback. This type of technology would enhance the 
identification of specific skill deficiencies as well as provide distinct information to reduce 
performance errors. Current efforts are underway to design the FN Expert™ in a way that allows 
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the instructors to capture the type of feedback being given and identify whether that feedback 
provided improvement in marksmanship skill. However, it remains unclear which type of 
feedback and training would reduce specific skill deficiencies. As such, feedback based on 
distinct performance errors must be identified and implemented in a diagnostic tool. Research is 
therefore required to identify the appropriate feedback and remedial training for distinct skill 
deficiencies. 
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CHAPTER 8: CONCLUSION 
Marksmanship is a core competency every U.S. Amy Soldier must attain to achieve 
combat readiness. Although BRM training is well established, there are limitations that prevent 
instructors from diagnosing underperforming Soldiers. One limitation is that instructors rarely 
assess Soldiers objectively before the final qualification, which reduces the opportunity for 
instructors to diagnose skill deficiencies until it is too late. Another limitation is the cost of 
ammunition for additional live-fire assessments during training (Crowley et al., 2014). 
Therefore, instructors must provide formative assessments to better assess and diagnose Soldier 
weaknesses throughout training without the additional use of ammunition.  
To support the development of a formative assessment, the current study sought to 
answer what individual differences and performance measures during training predict the 
qualification score. The hypotheses derived from theoretical arguments provided in the first three 
chapters, which are that qualification score can be predicted based on (H1) domain knowledge, 
(H2) prior experience, and (H3) self-efficacy as well as (H4) aim, (H5) steadiness, and (H6) 
trigger control captured with sensor-based technology. The final predictive model found domain 
knowledge as well as sensor-based measures (steadiness and trigger control in the prone-
unsupported position) remained predictive in the model. However, the final hierarchical 
regression model accounted for only 25.3% of the variance of marksmanship performance. Since 
the majority of performance variance is due to excluded and/or unmeasured factors, there is 
significant room for improved understanding. As a result, it is not recommended to incorporate 
these measures into a formative assessment until further research is conducted.  
An exploratory analysis was conducted to explain further the relationship among the 
sensor-based performance measures and the highest qualification score broken out per position 
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(prone-supported, prone-unsupported, and kneeling). The current study found that steadiness in 
the kneeling position predicted the unsupported qualification score. However, the other sensor-
based performance measures did not significantly predict the qualification score for each firing 
position. The sensor-based performance measures seem to be the most predictive for 
qualification score as a whole rather than looking at each position separately. As such, more 
research is needed to identify skill deficiencies in relation to the qualification firing position. 
Exploratory mediation analyses were also conducted to identify whether prior experience 
influences the relationship between significantly predictive sensor performance measures and the 
qualification score. The current study found that those with higher prior experience tend to have 
lower sensor trigger control scores (performed better) in the prone-unsupported position, and 
those with lower sensor trigger control scores in the prone-unsupported position (better 
performance) get higher qualification scores. When entered together, higher prior experience and 
sensor-based measure of steadiness in the prone-unsupported position was also significantly 
related to qualification score. However, given that prior experience and sensor-based measure of 
steadiness in the prone-unsupported position did not independently relate to qualification score, 
it is suggested to interpret the significant finding with caution. Nevertheless, the results from the 
mediation analyses provide insight into the role of prior experience in skill development. 
Therefore, more research is required to focus on the effects of individual differences on 
performance during training, which could support future training and skill development. 
Further exploratory analyses provided insight into the Army qualification scores. 
Although the current study found that Soldiers did not have a significant change in performance 
throughout the qualification attempts, most of the skill levels achieved their highest average 
group scores during the second attempt. As such, attempts past the second are used to provide 
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poor shooters as many opportunities to qualify. These additional attempts not only dilute skill 
deficiencies but also increase the cost of the qualification event through excess ammunition and 
range use.  
The exploratory analyses also raised speculation regarding whether highest qualification 
is an appropriate indicator of performance. If the average score of all three qualification attempts 
were used instead of the highest qualification, a considerable number of Soldiers would not 
qualify. These results not only highlight significant shooter skill deficiencies, but also 
deficiencies within the Army’s measure of marksmanship proficiency. Therefore, further 
research is required to improve the metric of Army marksmanship proficiency.  
The current study contributes to marksmanship training programs by establishing 
predictive and influencing variables of performance in an applied setting as well as highlighting 
areas for improvement in the qualification event. The results provide insight into identifying skill 
deficiencies and individual needs prior to and during training. However, additional research is 
necessary to identify measurements that can feed into adaptive training and support the 
instructors’ ability in providing individualized training. As research similar to the current study 
continues, the U.S. Armed forces are one step closer towards making every novice into a 
combat-ready rifleman, while reducing training cost and time.     
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APPENDIX B: CONSENT FORM 
 
Si te  of  Research:  U.S .  Army,  Ft .  Benning  
 
R ESE A RC H  PA RTI C I PA NT  CO NSEN T  FO R M 
A R MY  RES EA R CH  L ABO RA TO RY  
 
Project Title: Support for Training Effectiveness Assessment with 
Data Interoperability (STEADI) 
 
Sponsor: Department of Defense 
 
Principal Investigator:  Dr. Gregory Goodwin, Army Research 
Laboratory-Human Research & Engineering Directorate 
12423 Research Pkwy, Orlando FL 32826  
407-384-3987; Gregory.a.goodwin6.civ@mail.mil 
 
You are being asked to join a research study. This consent form explains the research study and 
your part in it. Please read this form carefully before you decide to take part. You can take as 
much time as you need. Please ask questions at any time about anything you do not understand. 
You are a volunteer. If you join the study, you can change your mind later. You can decide not to 
take part right now or you can quit at any time later on. 
 
Why is this research being done? 
If you decide to participate in this study, the following things will happen: 
1. You will be asked to fill out a survey that asks you about your personal history and some 
personal characteristics that may apply to you as they relate to marksmanship training 
performance. 
2. You will complete the regular exercises that are part of marksmanship training while 
performance data from these exercises will be collected both manually by researchers or by the 
automated systems that are integrated into the training. 
 
What will happen if you join this study? 
 
While data will be collected at various points throughout the 2-week training period, which 
includes the time taken to introduce you to the study, complete surveys at various times 
throughout the training period, and debrief at the end of the data collection period. 
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How much time will the study take? 
Approximately 1-1.5 hours over the course of the 1 week BRM. However, there is no addition 
time required for the completion of the study beyond the normal training session. 
What are the risks or discomforts of the study? 
The risks of participating in this study are no greater than taking part in the regularly planned 
marksmanship training exercise. Participants can stop their involvement in the research at any 
time.  This research is being conducted during the course of the participants’ routine 
marksmanship training and the risks to participating in the research are no greater than 
participating in the routine training. As such, participants will be prepared for the risks and will 
be trained in safety procedures. 
  
Are there benefits to being in the study? 
 
There are no direct benefits to you from participation in this study aside from your normal 
marksmanship training.  
 
Will you be paid if you join this study? 
 
You will not be compensated for your participation. 
 
Why might we take you out of the study early?  
 
You can be removed from this study if you are not following safety rules during the live-fire 
exercise and the instructor and research team considers your behavior endangering your safety 
and the safety of others.  
 
How will your privacy be protected? 
 
No personally identifiable information about you will be associated with any of the measures 
taken over the course of the experiment, so your performance will not be tied to your identity. 
You will be provided with a roster number that will be used as the identifier across multiple 
events. Therefore, there is no way an individual could tie your performance back to you 
personally.  
 
Your participation in this research is both anonymous and confidential. The data will be stored 
and secured in a locked file. In the event of a publication or presentation resulting from the 
research, no personally identifiable information will be shared. After transfer of the data to a 
computer file, any paper copies of the data will be shredded. This consent form will be retained 
by the principal investigator for a minimum of three years.   
 
The research staff will protect your data from disclosure to people not connected with the study.  
However, complete confidentiality cannot be guaranteed because officials of the U. S. Army 
Human Research Protections Office and the Army Research Laboratory’s Institutional Review 
Board are permitted by law to inspect the records obtained in this study to insure compliance 
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with laws and regulations covering experiments using human subjects. Therefore, while someone 
may find out that you have participated in this experiment, they will not know anything about 
your personal performance. 
 
Where can I get more information? 
 
You have the right to obtain answers to any questions you might have about this research both 
while you take part in the study and after you leave the research site.  Please contact anyone 
listed at the top of the first page of this consent form for more information about this study.  You 
may also contact the Human Protection Administrator (HPA) of the Army Research Laboratory 
Institution Review Board, at (410) 278-5928 with questions, complaints, or concerns about this 
research, or if you feel this study has harmed you. The HPA can also answer questions about 
your rights as a research participant. You may also call the HPA if you cannot reach the research 
team or wish to talk to someone who is not a member of the research team. 
 
Voluntary Participation 
 
Your decision to be in this research is voluntary. You can stop at any time. You do not have to 
answer any questions you do not want to answer. Refusal to take part in or withdrawal from this 
study will involve no penalty or loss of benefits you would receive by staying in it. Civilian or 
contractor personnel cannot receive administrative sanctions for choosing not to participate in or 
withdrawing from this study. 
 
Once your questions about the study have been answered, and if you want to continue your 
participation in this study, please sign below. 
 
WE WILL GIVE YOU A COPY OF THIS CONSENT FORM 
 
 
 
 
 
Signature of Participant Printed Name Date 
 
 
 
 
Signature of Person Obtaining Consent Printed Name Date 
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APPENDIX C: MARKSMANSHIP DEMOGRAPHIC QUESTIONNAIRE 
Participant ID: _________ 
 
Please provide the following information to the best of your ability. Do not write your name or 
other personally identifying information on this page. 
 
1. Age (in years): ________ 
 
2. Gender: ________ 
 
3. Height (Ft In): ________ 
 
 
For the next questions, please circle the appropriate answer: 
 
1. What is the highest level of education you received?   
(a) High school/GED    
(b) Some college level courses    
(c) Bachelor’s Degree   
(d) Master’s or Doctoral degree 
 
2. Are you (a) left-handed or (b) right-handed? 
 
3. Are you (a) left-eye dominant or (b) right-eye dominant? 
 
Prior to this training, how familiar were you with the following firearms? Please rate on a scale 
of 1 – 5: 
Handgun 
Not familiar  Somewhat 
familiar 
 Extremely 
familiar 
1 2 3 4 5 
 
Rifle  
Not familiar  Somewhat 
familiar 
 Extremely 
familiar 
1 2 3 4 5 
 
 
 
To what extent do you participate in the following activities:  
 
Large animal hunting (deer, elk) 
Not at all  Occasionally  Very frequently 
1 2 3 4 5 
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Small animal hunting (ducks, rabbits) 
Not at all  Occasionally  Very frequently 
1 2 3 4 5 
 
 
 
 
 
 
 
  
 103 
APPENDIX D: SELF-EFFICACY SCALES 
   
  Participant ID: _________ 
  Instructions: Please respond to the following 4 items. The attached form lists different 
concepts related to Basic Rifle Marksmanship. In the column Confidence, rate how confident 
you are that you understand them as of now. Rate your degree of confidence by recording a 
number from 0 to 10 using the scale given below. There are no right or wrong answers.  
    0  1 2 3 4 5 6 7 8 9         10 
  Do not understand at all  Moderately understand                    Highly 
understand 
   
   I understand…      Confidence (0-10) 
1. The extent to which the environment affects a bullet’s trajectory _______ 
2. What the four fundamentals are and how to perform them  _______ 
3. The different firing positions and how to assume them  _______ 
4. The various environmental factors on shot grouping   _______  
 
  Instructions: Please respond to the following 7 items. The attached form lists different 
activities related to Basic Rifle Marksmanship. In the column Confidence, rate how confident 
you are that you can do them as of now. Rate your degree of confidence by recording a 
number from 0 to 10 using the scale given below. There are no right or wrong answers. 
   
    0      1 2 3 4 5 6 7 8 9          10 
  Cannot do at all   Moderately confident can do                   Certainly can do 
   I can…      Confidence (0-10) 
1. Effectively apply the four fundamentals simultaneously  _______ 
2. Maintain proper body support     _______ 
3. Hold a steady position     _______ 
4. Obtain proper aim       _______ 
5. Exercise breath control     _______ 
6. Apply proper trigger squeeze     _______ 
7. Perform the integrated act of firing      _______  
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APPENDIX E: KNOWLEDGE TEST 
Marksmanship Knowledge Test 
Participant ID: _________ 
 
Instructions: Please answer the following questions to the best of your ability. Do not write your 
name or other personally identifying information on this page. 
 
1. Everything that happens to the projectile from the time the primer is struck by the firing 
pin until the projectile comes to a complete stop, is referred to as what? 
 
a. Terminal Ballistics 
b. Ballistics  
c. Muzzle velocity  
d. Trajectory 
 
2. A bullet flying through the air is acted upon primarily by two forces, which change the 
direction and velocity of its motion. What are these two forces? 
Or Increasing the angle of departure, imparting spin, and imparting high velocities on the 
bullet are three things we do to counteract what? 
 
a. Temperature & Humidity 
b. Elevation & Barrel Friction 
c. Bullet Weight & Velocity 
d. Gravity & Air Resistance (Drag) 
 
3. The path of flight that the bullet will take when it is fired from the rifle is known as what? 
 
a. Max ordinance 
b. Trajectory 
c. Terminal Ballistics 
d. Physics  
 
4. What happens when a bullet leaves the bore of a rifle? 
 
a. It will fly straight until it hits the target 
b. It will go up due to its aerodynamic properties 
c. It will immediately begin to fall to the earth 
d. It depends on the Ballistic Coefficient 
 
5. “Adjusting the sights so that the bullets impact where we are aiming.” is known as what? 
 
a. Zeroing 
b. Sniping 
c. No wind Zeroing 
d. External Ballistics 
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6. All firing takes place where? 
 
a. Trigger finger 
b. At the rifle 
c. Body position 
d. At the range 
 
7. The most valid zero for your weapon is obtained by a no-wind zero at actual distance. 
 
a. T 
b. F 
 
8. What has the greatest effect on ballistic trajectories? 
 
a. Distance 
b. Time 
c. Wind 
d. Temp, Humidity, and Elevation 
 
9. When reading wind you want to focus on conditions where?  
 
a. At your position 
b. Behind the target 
c. Half way to two thirds to the target 
d. At the target  
 
10. Is all shooting the same? 
 
a. Yes  
b. No 
 
11. The bullet will ALWAYS go in the direction that the barrel is pointed. 
 
a. T 
b. F 
 
12. What is sight alignment? 
 
a. The process of centering your eye with the aiming system 
b. The process of centering your eye with the aiming system and with the target 
c. Aligning your eye with the target 
d. Aligning the sights with each other 
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13. What is sight picture? 
 
a. Is the process of centering your eye with the aiming system. 
b. Is the process of centering your eye with the aiming system and with the 
target 
c. Aligning your eye with the target 
d. Aligning the sights with each other 
 
14. While aiming, where should the eye be focused? 
 
a. Other targets 
b. The target 
c. The wind indicators 
d. The front sight post or reticle 
 
15. Why is consistent stock weld important?  
 
a. Allows for consistent sight alignment 
b. Allows for smooth trigger control 
c. Allows for consistent wind calls 
d. Is not important 
 
16. What portion of the trigger finger needs to be on the trigger? 
 
a. The tip  
b. It doesn’t matter so long as you have it naturally resting on the trigger 
c. The first crease 
d. The second pad 
 
17. Properly pointing the rifle with consistent sight alignment and firing the rifle without 
moving it utilizing smooth trigger control is known as what? 
 
a. Advanced marksmanship 
b. Basic marksmanship 
c. Shooting/ Integrated Act of Firing 
d. Sniping 
 
18. Applying the two basic principles of shooting until recoil has ceased is known as what? 
 
a. Aiming 
b. Shooting 
c. Follow through 
d. Natural point of aim 
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19.  What are the five factors of a solid position? 
 
a. Firing hand, non-firing hand, rifle butt, stock weld, and elbows 
b. Firing hand, non-firing hand, trigger finger, stock weld, and legs 
c. Head position, legs, stock weld, non-firing hand, and elbows 
d. Head position, firing hand, non-firing hand, elbows, and rifle butt 
 
20. What are the three elements of a steady position 
 
a. Artificial, bone, relaxation 
b. Point of aim, support, muscular 
c. Support, muscular relaxation, natural point of aim 
 
21. What are the three ballistic phases 
 
a. Thermal, external, internal 
b. Gravity, air resistance, ballistics 
c. Trajectory, terminal, line of sight 
d. Internal, external, terminal 
 
 
22. The sustained rate of fire for the M4-Series Carbine is ____ rounds per minute. 12-15 
slow-semiautomatic  
 
a. 15-20  
b. 30-35  
c. 45-90  
d. 600  
e. 800  
 
23.  The basic truths of target engagement state that the following two portions of the shot 
process are absolutely vital to achieving satisfactory effects on target.  
 
a. trigger control and follow through  
b. breath control and movement  
c. proper aim and trigger control  
d. sight alignment and sight picture  
e. steady position and trigger control  
 
24.  How should the trigger finger be placed on the trigger?  
 
a. naturally allowing straight rearward pressure  
b. tip of the finger  
c. centered on the pad of the first digit  
d. centered on the second digit  
e. none of the above  
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25.  Taking a shot during the ____________ aids in delivering accurate, precise fires.  
f. lull in the fight  
g. 5 seconds that the shooter holds his breath to align the sights  
h. natural respiratory pause  
i. time between heartbeats  
j. target exposure  
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APPENDIX F: PROCEDURE (SCRIPT) 
 
Collection Day: Initial Check-in and Paperwork 
 
INTRODUCTION TO THE STUDY 
 
SAY: “Welcome to our study. My name is ____________, and I’ll be with you during your 
participation today. With me are (introduce people in the room). First, I’m going to give you a 
little background about what we’re doing today, you’ll sign some paperwork, and I’ll ask you to 
complete a quick survey. Then, we’ll get started conducting our study.” 
 
[Pass around roster and pencils/pens, if necessary.] 
 
INFORMED CONSENT PAPERWORK 
 
[Start handing out informed consent forms.] 
 
SAY: “Before we get started, I’d appreciate it if you would review and sign the paperwork I’m 
handing to you now. This is an informed consent form that details your rights as a participant in 
this study. Please read it before you sign it. Basically, it says that you are participating in this 
experiment voluntarily, that you can stop at any time without penalty, and that any information 
you provide to us today will be kept anonymous and confidential. Nothing you do in this study 
will have an impact on your personnel records. If at any time you feel uncomfortable over the 
course of this study, please let us know. If you are OK with all this, please go ahead and sign the 
form. If you would like a copy of the form for your records, please let me know and I will provide 
you with one.” 
 
[Soldiers sign forms.] 
 
DESCRIPTION OF STUDY 
 
SAY: “Now that we’re all signed in, I’m going to tell you a little bit about the study we’re going 
to conduct over the next few days. This study is funded by the Army Research Laboratory’s 
Simulation and Training Technology Center in Orlando and is focused on how to best assess 
your performance during the next two weeks of basic rifle marksmanship training. “ 
 
[Go over schedule, making sure Soldiers know when they’ll be back during the week.] 
 
SAY: “Are there any questions at this point?” 
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Collection Day: In-Classroom Surveys (Led by PI; about 30 min) 
 
MARKSMANSHIP (DEMOGRAPHICS) QUESTIONNAIRE 
 
[Pass out Marksmanship questionnaires] 
 
SAY: “This part of data collection will be to assess some of your background characteristics 
and personality, and you will be filling out a series of questionnaires. Please read through 
everything carefully and take your time responding. Let us know if you have any questions.” 
 
[Soldiers fill out questionnaires; collect all paperwork at the end.] 
 
DOMAIN KNOWLEDGE TEST 
 
[Pass out Domain Knowledge questionnaires] 
 
SAY: “The following paperwork involves a series of questions specific to marksmanship 
knowledge. Again, please read through everything carefully and take your time responding. 
Don’t talk to your neighbors about the answers, and let us know if you have any questions.” 
 
Collection Day: FN Expert Protocol and Script 
 
SET UP PHYSICAL ENVIRONMENT 
 
1. Set the target at selected training distance.  
 
2. Mount FN Expert device to right-hand side of selected weapon on the Picatinny Rail (will 
need to select for right-handed participants because of mounting orientation). 
• To do so, loosen the screws on the FN Expert device and hook on top of Rail edge.  
• Then use Allen wrench to tighten the screws to secure. Make sure the device is on 
securely.   
3. Connect weapon to tablet via USB cord.  
• Because we are using a USB connection, make sure that no FN Expert device is paired to 
Bluetooth in the tablet settings.  
• No internet is needed to run the application. 
4. Assess need for manual re-zero once you see the crosshair on the tablet 
• Have Greg or instructor point the rifle at the target and take a dry-fire shot 
• If crosshair is way off, you will likely need to manually re-zero.  
• Make any adjustments with the Allen wrench.  
• You should not need to manually re-zero for each participant. 
o  Each hour as needed, manually re-zero software  
SET UP SOFTWARE 
 
5. Open the NOS Pro application to the NOS Pro home screen. 
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• On the home screen, make sure the FN Expert device icon shows that it is connected via 
USB.  
o If the system is not connecting, go to settings → USB.  
▪ Make sure the window is displaying that the device is connected. If the 
window displays that it is not connected, disconnect the USB and then 
reconnect to the tablet. Recheck that Bluetooth is not paired.  
6. On the home screen, click the bottom left button for settings.  
• This will open the application settings window. 
7. Within the application settings window, click the top right blue icon that features three dials 
to reveal additional (position) options. 
• Make sure you check the box next to the following options, as well as specifying the 
desired option within:  
o Quick grading: skill level: unqualified. 
o Series score after: 5 shots 
o Selected position: Prone  
o Press the green check mark to continue. 
 
8. Select ‘Set Shooting Training’ button to proceed to the training setup window.  
 
9. Within the training setup window, select the desired training target (200 yd) from the ‘Setup 
List.’  
10. Within the training setup window, select mounting orientation  
• Click on the picture of the device under the ‘Start’ button.  
o Each click on the button will rotate the device 90 degrees 
• Click until the orientation matches your chosen orientation from Step 2 (right side of 
weapon). 
11. Click the gear button to see training options.  
• Under the ‘general’ tab, select desired trigger sensitivity (Click left arrow 3 clicks to the 
left of the midpoint). 
• When finished configuring setup options, press the green check mark. 
 
EXPLAIN CURRENT FN EXPERT AND TASK 
 
12. SAY TO GROUP: 
“In this session, we will be testing a sensor module called the FN Expert (point to 
device) to collect your marksmanship performance during dry-fire exercises. The 
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device is connected to the tablet, which will record the data. None of this should 
affect how you shoot. You will be taking a series of shots from three positions: Prone-
Supported, Prone-Unsupported, and Kneeling. While we finish up programming the 
session for this position, please each take a lane and get into the prone-supported 
position. We will be just a minute.” 
 
WITH PARTICIPANT AT THE LANE 
 
13. Press ‘Start’ to start training.  
• If you get ‘error during programing’ message, click out and try again until you access the 
main screen.  
• If you get a ‘Network connection problem’ message, just press ‘No’ to continue. 
14. Toward the top left, click on the ‘enter name here’ and open the keyboard on the tablet.  
• The data session will be the Soldier’s ID number  
• SAY TO PARTICIPANT: “Ok. We are almost ready. What is your Soldier ID?” 
o If participant doesn’t know ID, look up their name on the roster 
• SAY TO PARTICIPANT: “While I’m setting up, please get into the prone-supported 
position.” 
 
ZEROING 
 
17. Once the training screen loads, press the software zero button in the top right of the toolbar of 
the training screen to begin software zeroing, which should turn yellow. 
• To register a zero shot, the crosshair must be inside the yellow circle.  
• The zeroing point will be calculated based on the shooter’s last three shots.   
18. SAY TO PARTICIPANT: “Now you will take three shots to help zero the device in this 
position. The tablet needs a couple of seconds between each shot. I will let you know when the 
device is ready to record before each shot by saying ‘ready to fire.’ OK?” (make sure Soldier 
understands and agrees).  
 
19. Before each shot when you/software are ready, SAY to participant: “Ready to fire.”  
 
20. Press the zero button again to finish zeroing and it should return you to training mode.  
 
21. SAY TO PARTICIPANT: “This time, I want you to hold aim at the bullseye, but don’t 
shoot.” 
• If the crosshair is not hitting the target, you must re-zero 
RE-ZERO (IF NECESSARY) 
 
22. Press the software zero button in the top right of the toolbar of the training screen to begin 
software zeroing, which should turn yellow. 
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23. SAY TO PARTICIPANT: “The software did not properly zero. You will re-take the three 
practice shots to help zero the device in this position. As described previously, I will let you 
know when the device is ready to record before each shot by saying ‘ready to fire.’ OK?” 
(make sure Soldier understands and agrees).  
 
24. Before each shot when you/software are ready, SAY to participant: “Ready to fire.” 
25. Press the zero button again to finish zeroing and it should return you to training mode.  
26. SAY TO PARTICIPANT: “Again, I want you to hold aim at the bullseye, but don’t shoot.” 
 
27. Allow the participant to re-zero up to three times.  
• If they do not properly re-zero after three attempts, proceed to next step. 
 
START DATA COLLECTION 
 
PRONE-SUPPORTED POSITION 
 
18. After successful software zero, student will take 5 shots in Prone-Supported position.  
• During this step, SAY TO PARTICIPANT: “OK, the software is now zeroed, and you 
will take five shots that will be recorded on this tablet. I will let you know when the 
device is ready to record before each shot by saying ‘ready to fire.’ OK?” (make sure 
Soldier understands and agrees). 
 
19. Before each shot when you/software are ready, SAY: “Ready to fire.” 
20. Stop participant after firing 5 shots in prone-supported 
• During this step, SAY TO PARTICIPANT: “OK, you have taken your five shots for this 
position. Please get into the prone-unsupported position for the next round of shots.” 
PRONE-UNSUPPORTED POSITION 
20. Make sure participant is in prone-unsupported position 
21. SAY TO PARTICIPANT: “Again, you will take five shots in this position. Remember to wait 
until I say ‘ready to fire.’ OK?” 
22. Before each shot when you/software are ready, SAY: “Ready to fire.” 
20. Stop participant after firing 5 shots in prone-unsupported. 
• During this step, SAY TO PARTICIPANT: “OK, you have taken your five shots for this 
position. Please get into the kneeling position for the final round of shots.” 
KNEELING POSITION 
 
23. Make sure participant is in kneeling position 
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24. SAY TO PARTICIPANT: “Again, you will take five shots in this position. Remember to wait 
until I say ‘ready to fire.’ OK?” 
25. Before each shot when you/software are ready, SAY: “Ready to fire.” 
20. Stop participant after firing 5 shots in kneeling position. 
• SAY TO PARTICIPANT: “OK, that was the last round of shots. Thank you for your 
participation.” 
